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Preface

Over the past few decades, minimally invasive techniques have evolved and changes
in esophageal surgery have been dramatic. Due to the improvements in diagnosis,
the surgical community became more aware of these diseases and better procedures
are being developed.

Changes from open surgery to laparoscopic, robotic, and endoscopic procedures
brought remarkable improvements in outcomes and decreased the morbidity and
mortality of esophageal surgery.

As is expected with an evolution, and as our capacity to resolve problems
increases, we face new challenges such as reoperations and complications from
endoscopic procedures among others.

This book focuses on the diagnosis and treatment of benign esophageal disor-
ders. A large number of world-renowned authors collaborated to develop what we
consider a magnificent compilation of amazing, state-of-the art chapters.

Particular emphasis has been placed on gastroesophageal reflux disease (GERD),
a highly prevalent problem. This book describes the different diagnostic tools avail-
able as well as the therapeutic approaches for the management of GERD and its
potential complications such as Barrett’s esophagus or strictures and the associated
anatomical abnormalities such as hiatal hernia or short esophagus. We also dis-
cussed the primary motility disorders of the esophagus such as achalasia and esoph-
ageal diverticula. Different devices and approaches can be used to treat these
diseases and they will be covered and explained in different chapters of the book.

It is an honor for me to edit this book with Dr. Camacho, Dr. Melvin, and Dr.
Patti since they are all leaders in the field of foregut surgery in the USA and all
around the world. An amazing group of people to work with, whom I am honored to
call friends.

I would like to thank first and foremost our families for all their support to make
this book a reality, to all the authors that agreed to participate in this project with us,
and last but not least to Richard Hruska, Lillie Gaurano, Kevin Wright, and Daniel
Dominguez from the editorial team for all their hard work.

Miami, FL, USA Natan Zundel
Bronx, NY, USA W. Scott Melvin
Chapel Hill, NC, USA Marco G. Patti

Bronx, NY, USA Diego Camacho
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Gastroesophageal Reflux Disease:
Workup and Evaluation

Marco Di Corpo, Kamil Nurczyk, and Marco G. Patti

General Considerations

Gastroesophageal reflux disease (GERD) is the most frequent gastrointestinal disor-
der with an increasing incidence likely due to the rising obesity epidemic [1]. GERD
is secondary to the backflow of gastric contents through an incompetent gastro-
esophageal junction (GEJ), causing symptoms and/or complications [2]. The most
common GERD symptom is heartburn, often associated with regurgitation and dys-
phagia. However, some patients may present with atypical or extraesophageal
symptoms such as laryngitis, hoarseness, cough, or asthma.

Clinical Findings
Symptoms

GERD patients may present with typical “esophageal” symptoms or atypical “extra-
esophageal” symptoms (Table 1.1).

There is some evidence about the value of empiric medical therapy with proton
pump inhibitors (PPI) for GERD patients presenting with heartburn and regurgitation,
the so called “PPI trial,” which consists of a 14-day course of high-dose PPI, on the
assumption that a response would confirm the diagnosis of GERD. In the American
College of Gastroenterology (ACG) guidelines published in 2013, the PPI trial strat-
egy was proposed as a diagnostic method, based on the extent of symptom relief [3].
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Table 1.1 Symptoms Clinical presentation of GERD
associated with

gastroesophageal reflux
disease (GERD)

Esophageal Heartburn
Regurgitation
Dysphagia

Gastric Bloating
Early satiety
Belching
Nausea

Pulmonary Aspiration
Asthma
Wheezing
Cough
Dyspnea
Ears, nose, throat Globus
Water brash
Hoarseness

Cardiac Chest pain

Conversely, it has been shown by Patti et al. [4] that 30% of ~800 patients with
symptom and endoscopy-based GERD diagnosis (excluding patients with biopsy-
proven Barrett’s esophagus) referred for esophageal function testing had a normal
esophageal acid exposure as determined by esophageal manometry and 24-hour pH
monitoring. These results were later confirmed by Bello et al. [5] in a similar study,
showing that among 134 patients referred for laparoscopic anti-reflux surgery
(LARS) with a diagnosis of GERD based on symptoms and endoscopy, 24-hour pH
monitoring showed that 42% (56 patients) had a normal reflux score. Two of those
patients were found to have type II achalasia by high-resolution manometry.

Based on these and similar data, the World Gastroenterology Organization
(WGO) guidelines, published in 2017 [6], have discouraged the use of the PPI trial
as a diagnostic method due to the lack of sensitivity and specificity.

Clinical Evaluation
Given this evidence, GERD patients should undergo a thorough objective evalua-
tion prior to surgical treatment.

Endoscopy

Often this is the first test done, particularly when dysphagia is present, to rule out
complications (such as a stricture) or other conditions such as eosinophilic esopha-
gus or cancer [7, 8]. However, EGD presents two major limitations: [1] about 2/3 of
GERD patients do not have esophagitis and [2] there is major inter-observer vari-
ability for the low grade of esophagitis [9]. In order to classify the EGD findings, the
“Los Angeles” (LA) classification was introduced by Lundell et al. [10]. Mucosal
breaks were graded as A, B, C, or D based on the severity of the erosions (Table 1.2).
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Table 1.2 Los Angeles classification system for esophagitis

Los Angeles grading

system for esophagitis

Grade A Mucosal breaks <5 mm long, none of which extends between the
tops of the mucosal folds

Grade B Mucosal breaks >5 mm long, none of which extends between the
tops of two mucosal folds

Grade C Mucosal breaks that extend between the tops of >2 mucosal folds,
but that involve <75% of the esophageal circumference

Grade D Mucosal breaks that involve >75% of the esophageal

circumference

Unfortunately, there is evidence of high inter-observer discrepancy among lower
LA grades [11], and due to this observation, the Esophageal Diagnostic Advisory
Panel recommends further studies such as 24-hour pH monitoring in order to certify
GERD [12].

Barium Swallow

The barium swallow is used to assess anatomical and functional characteristics of the
swallowing process (pharynx, esophagus, and GEJ), while the sensitivity and speci-
ficity for the diagnosis of GERD is low. Bello et al. [6] confirmed these data by find-
ing positive radiological reflux signs in less than 50% of GERD patients (whose
diagnosis was obtained by pH monitoring). Furthermore, a study from the Netherlands
[13] found similar results when comparing barium swallow to 24-hour pH-imped-
ance monitoring for GERD diagnosis (sensitivity 46% and specificity 44%).

On the other hand, barium swallow gives valuable information about esophageal
and GEJ anatomy, and helps to determine the presence, size, and type of hiatal hernias.
Moreover, it can assess GERD complications such as ring or strictures [3, 14] (Fig. 1.1).

Esophageal Manometry

This study provides information about the exact location of the LES (important for
the correct positioning of the pH catheter), and about LES pressure and relaxation.
In addition, it characterizes esophageal peristalsis, rules out achalasia, and allows
the choice of the proper anti-reflux operation (Fig. 1.2).

Ambulatory pH Monitoring

Ambulatory 24-hour pH monitoring is considered the gold-standard test for GERD
diagnosis, having a reported sensitivity and specificity around 90% [3, 15]. It is the
only study that can determine objectively the esophageal acid exposure; thus, hav-
ing a normal pH study of acid control medications strongly suggests the absence of
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Fig. 1.1 Hiatal hernia in
barium swallow

Fig. 1.2 Normal HRM.

GERD [14]. Esophageal pH assessment can be done with a trans-nasal probe for
24 hours or with a wireless probe for 48 hours [16]. Six parameters are considered:
number of reflux episodes, duration of the longest one, number of episodes lasting
>5 minutes, total percentage of time the pH is <4 in total, and in the supine and
upright positions. On the basis of these data, the DeMeester score is generated, and
it is considered abnormal when the final composite score is more than 14.7
(Table 1.3) [17]. In addition, the study allows the determination of a temporal cor-
relation between symptoms experienced by the patient and episodes of reflux. While
analyzing the tracings, it is considered positive when the reported symptom occurs
within 2 minutes of the reflux episode [18]. Moreover, a positive correlation is a
predictor for treatment success after LARS [19], being more sensitive for patients
with typical symptoms rather than atypical ones [20] .
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Table 1.3 Normal values for pH monitoring

Normal values for ambulatory 24-hour pH monitoring

Percentage of total time pH < 4.0 5%
Percentage of upright time pH < 4.0 8%
Percentage of supine time pH < 4.0 4%
Number of episodes of reflux 47
Number of episodes >5 minutes 3.5
Longest episode (minutes) 20
Composite score? 14.7

“The composite score indicates the extent to which the patient’s values deviate from the normal
means of the six variables. It allows one to express in a single figure the degree of the patient’s
abnormality

Fig. 1.3 Abnormal pH. Orange spots indicate symptoms reported by the patient, used for analyz-
ing symptom correlation with reflux episodes

Due to the fact that the pH catheter should be placed 5 cm proximal to the upper
border of the LES and with the aim to diminish the false-positive and false-negative
rates, the best-case scenario is to perform this study after having manometric knowl-
edge of the exact position of the LES. Molena et al. [21] confirmed these data show-
ing only 25% of accuracy when positioning the pH probe using the “step” technique
(placing the pH catheter into the stomach through the nose and after confirming the
intra-gastric pH value, the probe was progressively withdrawn until obtaining pH
values >4). Patients should hold anti-acid medications prior to the study (7 days for
PPI and 3 for H, blockers) and they are encouraged to continue with their normal
lifestyle and meals. (Fig. 1.3).
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Based on the evidence from The Esophageal Diagnostic Advisory Panel [12] and
the ACG guidelines [3], the ambulatory pH monitoring is recommended for the
following:

 Patients with refractory GERD.

e Patients with GERD symptoms and negative EGD findings.

e Patients with EGD findings compatible with LA “A” or “B”.
 Patients scheduled for LARS.

 Patients with persistence or recurrence of symptoms after LARS.

Interestingly, a combination of conventional pH monitoring and impedance tech-
nology allows a comprehensive evaluation of esophageal reflux events, either for
non-acidic, weakly, or acidic episodes, providing key information particularly for
refractory GERD patients [19, 22]. Contrary to conventional pH monitoring, pH-
impedance can be performed on anti-reflux medications. However, the indication
for LARS is not clear for patients with non-acidic reflux events who underwent
pH-impedance on PPI or H, blockers or for patients with negative findings on pH
monitoring but abnormal number of reflux events measured by pH-impedance [12,
23] (Fig. 1.4a,b).

Gastric Emptying Study
This is not a requirement for all GERD patients undergoing LARS, but it provides

valuable information for patients with nausea or bloating, particularly if they are
known to have diabetes mellitus of connective tissue disorders [12] (Fig. 1.5).

Differential Diagnosis

Heartburn can be the presenting symptom of irritable bowel syndrome, achalasia,
cholelithiasis, coronary artery disease, or psychiatric disorders. Esophageal manom-
etry and pH monitoring are essential to determine with certainty if GERD is present
and if reflux is the cause of the symptoms.

Complications

Esophagitis is the most common complication. Peptic strictures are uncommon,
particularly in the era of proton pump inhibitors. Barrett’s esophagus is found in
about 10-15% of patients with reflux documented by pH monitoring. Some patients
may eventually progress to high-grade dysplasia and adenocarcinoma. Respiratory
complications vary from chronic cough to asthma, aspiration pneumonia, and even
pulmonary fibrosis. Vocal cord and dental damage can also occur.
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Introduction

Gastroesophageal reflux disease (GERD) has multiple causes including increased
intra-abdominal pressure, hiatal hernia causing anatomical failure of the gastro-
esophageal junction (GEJ), and dysfunction of the lower esophageal sphincter
(LES). The clinical presentation of GERD can range from mild heartburn to erosive
esophagitis. Chronic reflux may lead to histologic changes such as Barrett’s esopha-
gus, with the subsequent increased risk of esophageal cancer.

The treatment of GERD remains multifactorial. First-line treatment generally
consists of diet, lifestyle modification, and weight loss. Medical therapy consists
primarily of acid-reducing medications including proton pump inhibitors (PPIs).
The use of PPIs has increased significantly in recent years [1]. Despite advances in
medical therapy, as many as 40% of patients on PPIs continue to have persistent
GERD symptoms [2]. Operative intervention with laparoscopic partial (Toupet) or
complete (Nissen) fundoplication (with hiatal hernia repair, if indicated) is gener-
ally considered to represent the gold standard surgical option for the treatment of
GERD, and exists for those who fail medical treatment or desire to stop taking daily
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medications. Newer surgical options, including magnetic sphincter augmentation,
are discussed in other chapters.

Within this spectrum of patients with GERD, there exists a subset who desire to
eliminate medications due to concerns about side effects (osteoporosis, infectious
complications, or impact on vitamin and mineral absorption [3]) from long-term
PPI use, but are also concerned about the invasiveness or side effects of a surgical
procedure (risk of anesthesia, bleeding, incisional hernia, and/or postoperative dys-
phagia and gas bloat). An endoscopic (incisionless) intervention aimed at address-
ing GERD and avoiding the consequences of the treatments mentioned above may
be a reliable option for such patients. In this chapter, we will examine and evaluate
the available endoscopic therapies for GERD, including transoral fundoplication
techniques, radiofrequency (RF) therapies, as well as newer investigational proce-
dures. While magnetic sphincter augmentation is sometimes included in a discus-
sion of endoscopic therapies for GERD, it is covered in detail in a separate chapter.

Transoral Incisionless Fundoplication (TIF)

EsophyX (EndoGastric Solutions, Redmond, Washington) is a single-use endo-
scopic device that is used to perform a transoral incisionless fundoplication (TIF)
procedure. The EsophyX device was approved by the US Food and Drug
Administration (FDA) in 2007 and has since been revised as the EsophyX2 device
and subsequent advanced models (EsophyX Z device). The technical aspects of the
procedure have also evolved since the introduction of the device.

The device functions to create a posterior 180-270 degrees fundoplication to
restore the angle of His. It is thought to resemble a surgically created partial fundo-
plication. The gastric cardia is approximated to the distal esophagus with
SerosaFuse® polypropylene “H” shaped fasteners placed at 1-3 cm above the gas-
troesophageal junction. The fasteners are delivered with a squeeze and release of the
trigger mechanism operated by the endoscopist. In creating the wrap, approximately
18-20 fasteners are deployed [4]. The procedure requires an experienced endosco-
pist to operate the EsophyX device, and an assistant to operate the endoscope. The
procedure is generally performed in the operating room under general endotracheal
anesthesia. The device is approved for patients with sliding hiatal hernias <2 cm as
the device can be used to reduce a small sliding hernia during creation of the fundo-
plication by advancing the scope caudally before firing the fasteners.
Contraindications to the TIF procedure include obesity (BMI >35 kg/m?), esopha-
geal ulcers, strictures, Barrett’s esophagitis >2 cm in length, hiatal hernia >2 cm,
LA grade C or D esophagitis, significant esophageal dysmotility, previous esopha-
geal or gastric surgery, peptic ulcer disease, gastric outlet obstruction, gastroparesis,
pregnancy (or plans for pregnancy in 12 months), immunosuppression, portal
hypertension, and coagulopathy. Prior esophageal/gastric surgery is a relative con-
traindication, as there are reports of using the TIF device for recurrent reflux after
formal surgical fundoplication [5]. Additionally, hiatal hernias should be reducible
(sliding); fixed hiatal hernias of any size, including <2 cm, should represent a rela-
tive contraindication to the procedure.
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The TIF procedure using the EsophyX?2 device has been studied in several
randomized controlled trials. The TEMPO study examined regurgitation and
extraesophageal symptoms of GERD such as laryngitis, asthma, cough, and
dental erosions by randomizing patients who were previously partial responders
to PPI therapy, TIF, or maximum-dose PPI. While PPI therapy may address
heartburn symptoms, medication typically does not affect regurgitation or extra-
esophageal symptoms. All patients in the study experienced GERD symptoms
for >1 year, were on PPI therapy for >6 months, had hiatal hernias <2 cm, and
an abnormal 48-hour pH studies while off PPI. At 6-month follow-up, elimina-
tion of regurgitation or extraesophageal symptoms were seen in 62% (24/39)
patients undergoing TIF and 5% (1/21) in the PPI group. Furthermore, 90%
(35/39) patients who had TIF were off PPIs. When evaluating esophageal acid
exposure, the results were equivalent, with 54% (21/39) of patients in the TIF
group having normal esophageal acid exposure post procedure as compared to
52% (11/21) of patients in the maximum-dose PPI group. This underscores the
fact that endolumenal therapies can help improve GERD symptoms, but, similar
to PPIs, they do not always normalize esophageal acid exposure. At the end of
the trial, the 21 patients in the PPI group were crossed over to subsequently
undergo TIF. In these patients, 6 months after their TIF, 71% of patients were
off PPI (compared to the 90% mentioned above) and 33% (7/21) had normalized
esophageal acid exposure [6]. In this subset of patients, 65% (13/20) had resolu-
tion of regurgitation and extraesophageal symptoms. Follow-up at 5 years
showed only 34% (15/44) of patients who underwent TIF were on daily PPIs
and overall Gastroesophageal Reflux Disease—Health-Related Quality of Life
(GERD-HRQL) scores for all patients in the study had decreased from 22.2 to
6.8 (p <0.001) [7].

The RESPECT trial also studied regurgitation by comparing TIF to sham proce-
dure plus PPI for management of regurgitation. The trial randomized 87 patients to
the TIF procedure using the EsophyX2 device (Fig. 2.1) plus placebo medication
and 42 patients to a sham endoscopy under general anesthesia plus PPI therapy.
Inclusion criteria was similar to the TEMPO trial, with patients having persistent
symptoms despite PPI therapy for 6 months, abnormal pH testing, and hiatal hernias
<2 cm in size. Six-month follow-up demonstrated elimination of regurgitation in
67% (58/87) of the patients in the TIF group and 45% (19/42) in the sham/PPI group
(p = 0.023). Also, patients undergoing the TIF procedure demonstrated significant
decreases in esophageal acid exposure in all parameters measured. DeMeester
scores dropped from 33.6 to 23.9 (p < 0.001). There were no improvements in pH
scores in the sham/PPI group and the DeMeester score increased from 30.9 to
32.7 in this group. In those undergoing TIF who had follow-up endoscopy, 77% had
healing of their esophagitis [8].

A similar study by Hakansson et al. randomized patients to TIF versus a sham
procedure without PPI. At 6 months, 59% of TIF patients were off PPI medication
versus only 18% of sham patients. Additionally, in follow-up pH testing at 6 months,
a significant difference in esophageal acid exposure was seen, with 69% of TIF
patients having normalized acid exposure, versus only 20% of patients who had the
sham procedure [9].



14 J. C. Cowling et al.

Fig. 2.1 Transoral fundoplication procedure using the EsophyX2 device (Endogastric Solutions,
Redmond, WA). (Figure reproduced with permission [8])



2 Endoscopic Therapies for GERD 15

Finally, Witteman et al. randomized patients with well-controlled GERD symp-
toms on PPI to TIF or continuation of PPI treatment, hypothesizing that patients
with symptoms controlled with medication would benefit from the endoscopic ther-
apy. At 6 months, 55% (20/37) of patients undergoing TIF saw improvement in
GERD-HRQL score of >50%, compared to only 5% (1/20) in the PPI group. Also,
74% of the patients who had TIF were off PPI. However, at 12-month follow-up,
only 39% of the patients remained off medication. The study concluded that TIF
was successful in the short term but no significant long-term reflux control was
obtained [10].

There are several issues that need to be considered when evaluating the literature
on TIF. Both the device and technique have evolved since the first reports of this
procedure. Additionally, most studies do not report long-term follow-up [11]. With
longer-term follow-up, more treatment failures are noted; however, a fairly consis-
tent theme among studies evaluating the TIF device is that the patients who have an
initial response are the ones who tend to do well in the long term. An increasing
number of studies are now reporting longer-term results with this procedure. At
8 years, Chimukangara et al. demonstrated decreased GERD-HRQL scores as com-
pared to baseline. Notably though, only 23/57 patients were included in the long-
term follow-up, and at the long-term follow-up time point, 73% of patients were
taking daily anti-acid medications [12]. Testoni et al. reported 6-year follow-up in a
cohort of 50 patients. At 6 years (14 patients), only 14.3% of patients were com-
pletely off PPI. Most (50%) had reduced their dose by half, and 35.7% of patients
were back on full-dose PPI [13]. It is important to recognize that although most
patients reduce their doses of PPIs, nearly 40% of patients at longer-term follow-up
(46 years) will still require PPIs. These data should be interpreted carefully, as it is
unknown if these patients have documented objective evidence of recurrent reflux,
such as with contrast or pH studies or endoscopic findings [4].

Recently, several groups have published combining traditional hiatal hernia
repair (in patients with hiatal hernias >2 cm) with the TIF procedure. The rationale
generally provided for this procedure is decreased risk of gas bloat, but, of impor-
tance, this is typically in the context of historical data of Nissen fundoplication-
associated gas bloat. To date, no study has been completed directly evaluating
traditional hiatal hernia repair with TIF as compared to partial (Toupet) fundoplica-
tion. A recent retrospective analysis demonstrated improvements in GERD-HRQL
scores, reflux symptom index scores, and mean pH scores in patients who under-
went laparoscopic hiatal hernia repair with TIF. However, pre- and postoperative
follow-up data were obtained in only 29/55 patients; and at a mean follow-up of
296 days, only 76% of patients were noted to have an intact hiatal hernia repair/TIF
on endoscopy [14]. It is unclear if improvements in symptom scores and mean pH
scores are from restoration of intra-abdominal esophageal length and/or crural clo-
sure alone, and whether these preliminary positive results will persist and match the
historical long-term follow-up with formal surgical fundoplication.

TIF is an attractive option for patients with endoscopically appropriate anatomy.
Advantages of this procedure, similar to most endoscopic procedures for reflux, is a
very low rate of severe complications [4], as well as significantly lower rates of gas
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bloat and dysphagia as compared to traditional laparoscopic Nissen fundoplication.
These advantages may be less robust when comparing to partial (Toupet) fundopli-
cation, as recent studies have shown less postoperative gas bloat and dysphagia with
partial fundoplication when compared to full Nissen fundoplication [15]. Similar to
other endoscopic therapies, the patients who benefit the most are those with no (or
very small) hiatal hernias [14, 13], have classic acid reflux symptoms, and respond
well to PPI medications. Those with atypical symptoms and PPI non-responders
tend to have a less robust response. Increasing number of fasteners utilized also
seems to correlate with better long-term response [13]. Repeat TIF for recurrent
symptoms after a prior TIF has been described in the literature [16].

Muse

The Medigus Ultrasonic Surgical Endostapler or MUSE (Medigus Ltd., Omer,
Israel) procedure is another endoscopic device that can be used to create an endolu-
menal fundoplication. It differs from EsophyX device in that staples, as opposed to
sutures/fasteners, are utilized to create a partial fundoplication. Approved by the
FDA in 2015, the procedure similarly is performed under general endotracheal
anesthesia in the operating room. MUSE is a single-use endoscopic device that uses
a series of five B-shaped, 4.8-mm titanium staples to secure the fundoplication. The
shaft of the device houses the staple cartridge and the tip of the endoscope contains
the anvil against which to bend the staples during firing. The shaft also houses an
ultrasound device to measure tissue thickness and confirm alignment between the
cartridge and the anvil. The staples are fired at 3 cm proximal to the gastroesopha-
geal junction and after one fire, the scope is rotated in either direction to perform
additional firings to create a partial endoscopic fundoplication (Fig. 2.2).
Contraindications to the MUSE procedure are similar to that of TIF, and include
BMI <21 or >35 kg/m?, esophageal stricture/varices, non-reducible hiatal hernia or
hiatal hernias >3 cm, and those that do not respond to PPI therapy.

As this is a newer procedure, there is significantly less data available. No ran-
domized trials have been completed on this device to date. The initial pilot study

Fig. 2.2 Medigus Ultrasonic Surgical Endostapler or MUSE (Medigus Ltd., Omer, Israel) proce-
dure. (Figure reproduced with permission [17])
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consisted of 13 patients on high-dose PPI. Follow-up data at 5 years were available
on 11 patients. Five patients were completely off PPIs, three patients had decreased
their dose by 50%, and three patients had resumed daily PPIs. Also, 11/13 patients
had a greater than 50% reduction in GERD-HRQL scores [17].

A multicenter prospective study was published on 66 patients who underwent the
procedure. At 6 months, 64.6% (42/66) were no longer taking PPIs and 56% of the
patients who had resumed medication saw a 50% decrease in medication dosage.
Additionally, 73% (48/66) had >50% improvement in their GERD-HRQL scores.
Esophageal acid exposure was also significantly improved on 6-month pH testing.
On follow-up manometry, no significant difference was observed in LES pressure.
Serious adverse events were low, and included pneumomediastinum and/or pneu-
mothorax, pleural effusion, esophageal leak, and upper GI bleed (4 patients in the
initial 24 patients completed). After the initial 24 patients, there were modifications
made to the protocol and device, which resulted in elimination of these particular
serious adverse events in the subsequent 48 patients [18].

Kim et al. have reported perhaps the best results in patients undergoing the
MUSE procedure. They followed 37 patients for 4 years (from the prospective
study) and found 84% and 69% of patients to be off PPIs at 6 months and 4 years,
respectively. These patients also had statistically significant improvements in
GERD-HRQL scores (off PPI), from mean scores of 29 at baseline to 8.9 at 6 months
and 5.3 at 4 years [19].

The most recent results were reported by Lankarani et al. who reported on 71
patients in an international registry undergoing the MUSE procedure. At 1 (47
patients) and 2 (15 patients) years of follow-up, GERD-HRQL scores were improved
by >50%. Additionally, 70% and 69% of patients had stopped or decreased their PPI
doses by 50% at 1 and 2 years, respectively. There were no new complications pres-
ent in patients evaluated at 2 years. In patients with pH data available, 4/25 patients
had normalization of acid exposure (% time pH <4) [20].

Stretta

Stretta (Mederi Therapeutics, Greenwich, CN) is an endoscopic device that has
been in use the longest of the described procedures, receiving FDA clearance in
2000. It delivers radiofrequency (RF) energy to the muscularis propria to decrease
LES compliance and decrease the number of LES relaxations. One benefit of Stretta
from the other discussed procedures is that the procedure can be performed under
moderate sedation in the outpatient setting. In addition, it does not alter external
anatomy as compared to the other transoral fundoplication techniques.

The device consists of a catheter with a balloon at the tip that is inflated with air
under pressure control, an irrigation channel, and four needle electrodes that deliver
energy to tissue at multiple treatment levels near the Z line and the gastric cardia
(Fig. 2.3). The RF generator requires a grounding pad, delivers monopolar current,
and gives the operator continuous feedback on tissue temperature, which is
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Fig. 2.3 Stretta procedure; schematic demonstrating balloon catheter, treatment areas, and post-
treatment appearance. (Figure reproduced with permission [39])

regulated with assistance from irrigation. The device allows maximum heating to
85 °C to the muscularis and 50 °C to the serosa.

The exact mechanism of action is not well understood, but one theory is that the
procedure ablates vagal afferent nerve pathways, thereby reducing transient LES
relaxations. Another is that LES musculature is altered in response to the heat deliv-
ered to the tissue, thus causing a decrease in compliance. Either way, studies have
been inconsistent in demonstrating significant change in LES pressures as measured
by manometry [21].

Contraindications to Stretta are similar to the other described endoscopic proce-
dures for GERD and include age < 18, pregnancy, hiatal hernias >2 cm, achalasia or
incomplete relaxation of the LES in response to swallowing, and American Society
of Anesthesiologist (ASA) 4 patients. Relative contraindications include implants
near the LES, normal pH studies, PPI non-responders, Barrett’s metaplasia, dyspha-
gia, esophageal bleeding, gas bloat, severe esophagitis, coagulation disorders, those
who use anticoagulation or antiplatelet therapy, and those with severe medical
comorbidities.

Stretta has been studied in several randomized trials and has the benefit of a lon-
ger history of use. Corley et al. randomized patients to Stretta (n = 35) or sham
procedure (n = 29). Six-month results favored Stretta, with 61% of those patients off
PPI compared to 33% in the sham group. Additionally, GERD-HRQL scores
decreased by >50% in 61% of patients undergoing the Stretta procedure. The study
did not however demonstrate a difference in esophageal acid exposure between the
two arms [22].

Coron et al. studied 43 patients, comparing 23 patients undergoing Stretta to 20
patients remaining on PPI therapy. At 6 months, 78% (18/23) Stretta patients were
able to stop or reduce their PPI dose by >50% compared to only 40% in the PPI
group (p = 0.01). However, these differences did not persist at 12 months. Likewise,
there were no differences in GERD-HRQL or other quality of life indexes between
the two groups. There were also no differences in esophageal acid exposure at
6 months. Adverse events in the study group included transient abdominal pain,
pain with swallowing, and two patients with transient fevers [23].

Abdel Aziz et al. conducted a three-armed trial comparing one or two Stretta
procedures to a sham procedure, with 12 patients in each arm. In patients who were
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randomized to a second procedure, only those without a >75% improvement in
GERD-HRQL scores at 4 months went on to a have a second procedure. There were
10/12 patients in this category. At 1 year of follow-up, there was significant improve-
ment in HRQL scores, LES pressures, pH scores, and daily PPI use (p < 0.01). Both
treatment arms had statistically significant improvement in GERD-HRQL scores
compared to the sham procedure. Two of the patients who underwent a second pro-
cedure developed gastroparesis as a complication [24].

The most recent systematic review and meta-analysis of Stretta was published by
Fass et al. They evaluated 28 studies (2468 patients), including 4 randomized con-
trolled studies. Mean follow-up was approximately 25.4 months. Stretta was associ-
ated with significantly improved health-related quality of life (HRQL) scores,
heartburn scores, and incidence of erosive esophagitis (decreased by 24%,
p <0.001). This meta-analysis also demonstrated reduced esophageal acid exposure
(p <0.001) as well as increased mean LES basal pressures (not statistically signifi-
cant) [25].

It is important to note that these results seem contradictory to another meta-
analysis of randomized controlled trials of patients undergoing Stretta therapy [26].
Lipka et al. used normalization of esophageal pH values as a primary endpoint, in
which they demonstrated no difference [26]. There are several points that deserve
mention. Outcome measures were not uniform in the four randomized trials, there-
fore the actual number of patients compared with any given endpoint was very low
[25]. Normalization of esophageal pH is not seen in most patients undergoing endo-
lumenal anti-reflux therapies (or those taking PPIs). Most studies on Stretta, includ-
ing in published randomized trials, report improvements in pH exposure. Two of the
three studies that reported mean LES pressures demonstrated improvement, as well
as improved quality of life scores. Similar to most endolumenal anti-reflux proce-
dures, serious adverse events reported with Stretta are exceptionally low (26 out of
>15,000 procedures performed) [27].

Stretta has been described in patients who have undergone laparoscopic Nissen
fundoplication with refractory symptoms [28]. It has also been described in patients
with reflux after sleeve gastrectomy. However, initial published results in a small
cohort of 15 patients demonstrate no changes in pre- and post-procedure quality of
life scores and only 20% of patients being able to stop PPI therapy. Also, 66.7% of
patients reported not being satisfied at 6 months [29].

Novel Procedures

Two novel procedures are the Anti-Reflux Mucosectomy (ARMS) and Cardia
Ligation Anti-Reflux procedure (CLEAR). While little data exist about these proce-
dures, they are described as new, evolving endoscopic treatment options to manage
patients with GERD.

Inoue et al. initially described a case report where following endoscopic mucosal
resection (EMR) for Barrett’s esophagus, GERD symptoms were noted to have
been significantly improved. He followed this up with a series of 10 patients having
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270-degree circumferential EMR spanning 3 cm in length (1 cm in esophagus and
2 cm in gastric cardia; ARMS procedure). The results showed improvement in
DeMeester scores and pH scores and reduction in flap valve grade (Hill grade) from
3.2 to 1.2. Two patients developed stenosis that required balloon dilation. It is
thought that the contraction of the cardia during healing after mucosectomy is
responsible for the narrowing of the GEJ and contraction of the flap valve, thereby
improving GERD symptoms [30].

Another study reported on 19 patients undergoing ARMS for refractory
GERD. At 6 months of follow-up, GERD-HRQL scores were significantly improved
and 68% (13/19) of patients were off PPI. There were three patients who developed
early dysphagia and required balloon dilation and one patient had a muscle injury
due to deep resection that was repaired with an endoscopic suturing platform. Three
of the six patients who did not respond went on to have formal anti-reflux sur-
gery [31].

The CLEAR procedure is an evolution of the ARMS procedure. The procedure
uses multiple sequential band ligations of the cardia (270 degrees), without mucosal
resection to cause tissue necrosis and subsequent scarring. The procedure aims to
achieve a similar physiologic healing to that of ARMS. The technique has been
reported to have been used in two patients with favorable results. One patient under-
went repeat subsequent banding for recurrent, although milder, symptoms. The pro-
cedure offers the benefit of being technically easier, while limiting the risk of
perforation and bleeding that could occur with ARMS [32].

Both of these procedures should be considered investigational and should be
performed in the context of well-designed clinical trials.

Conclusion

Endoscopic therapies are an important component in the treatment spectrum of
reflux, which also includes lifestyle modification, pharmacotherapy, magnetic
sphincter augmentation, and laparoscopic hiatal hernia repair with partial or com-
plete fundoplication, and in patients with morbid obesity and weight loss surgery
(Roux-en-Y gastric bypass). As is true for most functional disease, appropriate
patient selection is paramount for good outcomes. Both the American Society of
Gastrointestinal Endoscopy (ASGE) and the Society of American Gastrointestinal
and Endoscopic Surgeons (SAGES) recommend consideration of endolumenal
therapies for carefully selected patients with GERD [33, 34].

The patients who tend to do best with endoscopic therapies for GERD include
those with favorable endoscopic anatomy (no or very small sliding hiatal hernias of
<2 cm), [14, 13], classic symptoms, complete response to PPIs, and normal body
mass index [35]. Those with atypical symptoms (particularly regurgitation) may
also benefit from endoscopic therapies. In selected cases, endolumenal therapies
may be valuable in the patient with recurrent symptoms after formal surgical fundo-
plication but without evidence of hiatal hernia recurrence. A common theme
throughout all endoscopic therapies is that treatment efficacy tends to decrease with
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time. The longest follow-up has been reported with Stretta, with approximately only
5 of patients remaining completely off anti-acid medications at 10 years [36].

Careful patient workup is important. Endoscopy, including careful endoscopic
delineation of esophagogastric junction anatomy including Hill valve grading,
upper gastrointestinal series/barium swallow studies, as well as pH probe testing in
patients with atypical symptoms or PPI non-responders should be performed.
Manometry is not always necessary in patients undergoing endoscopic therapies for
GERD, but should be considered in those with a history or imaging that suggests a
possible esophageal motility disorder, such as achalasia.

Managing expectations, including discussion of the literature in regard to long-
term outcomes, is important when counseling patients who are being considered for
endoscopic GERD therapy. Endolumenal therapies do not represent a cure for
reflux, but rather an additional tool in the comprehensive management of reflux
patients. Endolumenal therapies do not preclude formal laparoscopic, partial or
complete, fundoplication for treatment failures [37, 38].
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Kathleen L. Lak and Jon C. Gould

Introduction

Gastroesophageal reflux disease (GERD) is the most common gastrointestinal dis-
ease in the United States with an estimated prevalence of 10-25% [1]. The patho-
physiology of GERD is complex and related in part to failure of the antireflux
barrier at the esophagogastric (EG) junction [2]. The spectrum of disease that fol-
lows may range from troublesome symptoms to esophageal tissue damage [3].
Complications of GERD include reflux esophagitis, esophageal stricture, Barrett’s
esophagitis, or esophageal adenocarcinoma. Diagnosis, management, and treatment
of GERD utilizes over $10 billion in health care expenses with indirect costs of an
additional $75 billion per year [4].

Acid-suppression medications are first-line and the predominant treatment for
patients with GERD [3]. The mechanism of medical acid suppression is to decrease
the acid content and pH of the refluxate with a corresponding improvement in clini-
cal symptoms and reflux esophagitis [3]. Proton pump inhibitors (PPIs) effectively
change the character of refluxate but do not always stop reflux entirely. Regurgitation
of non-acid refluxate (including bile and other gastric contents) often continues [5].
PPI therapy has been associated with adverse events including Clostridium difficile
infection, osteoporosis and pathologic bone fractures, dementia, renal insufficiency,
myocardial infarction, and B, deficiency [6]. Despite ongoing medical therapy,
many patients with GERD remain dissatisfied with their GERD symptom control
[7, 8]. Surgical intervention should be offered to patients with medically refractory
GERD symptoms, complications as a result of GERD, or to those having a desire to
stop acid-suppression therapy due to cost or concern for side effects [2]. Laparoscopic
Nissen fundoplication (LNF) is the primary intervention for GERD and has been
demonstrated to provide an effective alternative to medical therapy with greater
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quality of life in patients with medically refractory symptoms [9]. Despite high
estimates on the number of people who qualify for antireflux surgery, it is estimated
that less than 1% undergo such a procedure [10]. For many patients, potential side
effects of a fundoplication including dysphagia, bloating, and an inability to belch
or vomit serve as a major deterrent. In addition, it has been demonstrated that
approximately 10% of patients to undergo fundoplication undergo a reoperative
procedure, most often secondary to fundoplication failure [11]. Magnetic sphincter
augmentation (MSA) is a promising new surgical treatment for GERD with several
potential advantages when compared to a fundoplication. The LINX® Reflux
Management System (Torax Medical, Inc., Shoreview, MN, USA) is a magnetic
sphincter augmentation device for GERD that was approved by the US Food and
Drug Administration (FDA) in 2012.

Design and Use

The LINX® MSA device is composed of a ring of titanium beads that slide inde-
pendently on titanium wires. The beads have neodymium iron boron magnetic cores
coated with titanium. The inter-bead attraction provides augmentation of the lower
esophageal sphincter (LES) at rest, while having the mobility to expand to accom-
modate a physiologic bolus such as during swallowing. The device’s design utilizes
the inter-bead attraction to augment the LES when challenged with low-pressure
refluxate; however, higher physiologic challenges, such as with swallowing, vomit-
ing, or belching, are able to overcome the inter-bead attraction.

Surgical placement of the MSA device is performed most often as an outpatient
procedure. The device is laparoscopically positioned at the esophagogastric (EG)
junction under general anesthesia. Unlike a fundoplication procedure, placement of
the MSA device requires less dissection at the hiatus and into the mediastinum, and
no mobilization of the fundus or division of the short gastric arteries. A sizing tool
is utilized to measure the external circumference of the esophagus at the appropriate
location so as to select the appropriately sized device for implantation. A well-
positioned device should rest at the EG junction without significant compression of
the esophageal tissue. The posterior vagus nerve is typically excluded and the device
is placed between the esophagus and the posterior vagus. The surgical technique is
simplified compared to a fundoplication and easily reproducible.

Indications and Contraindications

The LINX® MSA device is indicated in patients with refractory GERD despite medi-
cal management. Its use is contraindicated in patients with a known or suspected
allergy to nickel, stainless steel, titanium, or ferrous materials. The safety and efficacy
have not been evaluated by the FDA in patients with a body mass index greater than
35 kg/m?, Barrett’s esophagus, those with grade C or D (LA Classification) esophagi-
tis, or in patients with significant esophageal motility disorders [10]. The current gen-
eration of the LINX® device is compatible with MRI up to 1.5 Tesla.
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Early Research and Development

The LINX® device was first approved by the FDA after nearly a decade of develop-
ment and animal studies [12, 13]. The device was first implanted in a porcine model,
which provided preliminary evidence of safety and feasibility. Animals implanted
with the device were able to eat normally, gain weight appropriately, and there were
no incidents of device erosion. This study was followed by a feasibility clinical trial
in humans published in 2008 [14]. In this prospective multicenter trial, 41 patients
underwent placement of an MSA device at the esophagogastric junction. Inclusion
criteria included patients with clinically significant reflux symptoms at least par-
tially treated with proton pump inhibitors (PPIs), abnormal esophageal acid expo-
sure, and normal esophageal contractility. Notable exclusion criteria included
patients with a hiatal hernia >3 cm, esophagitis Grade C or D, or a BMI >35 kg/m>.
All patients in this study had clinical improvement in their symptoms and 80%
demonstrated pH normalization.

Post-Market Experience and Long-Term Follow-Up

An update on patients in the pivotal trial was published with 1- and 2-year follow-
up. Complete cessation of PPI use was observed in 90% and 86% of patients,
respectively [15]. This feasibility trial demonstrated that device implantation was
safe with no instances of device migration, erosion, or induced mucosal injury.
Initial postoperative dysphagia was reported in 46% of patients and resolved reli-
ably without intervention within 90 days. GERD Health Related Quality of Life
(GERD-HRQL) surveys were administered and revealed, respectively, an 85% and
90% reduction in symptom scores at 1 and 2 years postoperatively [15]. At 5 years,
no late complications were reported [16]. Bothersome dysphagia was reported by
5% of patients at baseline and by 6% at five 5 postoperatively [16]. Bothersome gas
bloating was present in 52% of patients at baseline and this decreased to 8.3% at
5 years. After 5 years of follow-up, the MSA device was determined to provide
significant improvement in reflux disease with minimal complications.

The early post-market experience with MSA was chronicled in a number of pub-
lications. Lipham et al. described the safety profile of the first 1000 patients
implanted with an MSA device [17]. A 0.1% rate of intraoperative/perioperative
complications and 3.4% reoperation rate was reported. The most common reason
for device removal in this cohort was dysphagia. A different study that focused on
device removals included 164 patients, 6.4% of whom underwent explantation (2
for erosions) [18]. The most common reason for explant in this single-center series
was recurrent regurgitation or heartburn followed by dysphagia. The authors of this
study point out the relative ease with which the MSA device may be removed, even
when complicated by an intraluminal erosion.

Bell et al. published the results of a prospective randomized controlled trial
designed to evaluate the use of the MSA device in patients with moderate to severe
GERD despite once daily PPI therapy [19]. Patients were randomized into two treat-
ment groups—escalation of medical therapy (twice daily PPI dosing) versus
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surgical placement of an MSA device. At 6 months, 81% of patients in the surgical
group experienced a greater than 50% improvement in GERD-HRQL scores com-
pared to 8% in the twice daily PPI group (p < 0.001). Regurgitation improved in
89% of patients in the surgical group compared to 10% in the medical treatment
group. Six months following MSA implantation, 91% of patients in the surgical
group were off PPI therapy.

While a randomized comparative study of medical therapy versus MSA has been
conducted and published as described, no such comparison between MSA and lapa-
roscopic fundoplication has been conducted. The closest comparative study was
published by Reynolds et al. and utilized matching via propensity scores in order to
compare patients with a similar disease severity prior to surgery [20]. Symptomatic
outcomes up to 1 year following surgery were compared in matched patients to
undergo both laparoscopic Nissen fundoplication and laparoscopic MSA implanta-
tion. For both fundoplication and MSA implantation, similar rates of GERD symp-
tom improvement, dysphagia, and patient satisfaction were achieved. There was a
significant difference in the ability to belch or vomit favoring MSA. The MSA
patients experienced an 8.5% rate of inability to belch and 4.3% rate of inability to
vomit compared to 25.5% and 21.3% in the LNF group (p = 0.004). There was no
significant difference in the need for endoscopic dilations in the first postoperative
year between treatment groups.

Implantation of an MSA device inherently involves a sunk cost for the device
itself not applicable to laparoscopic fundoplication. In general, most MSA patients
are discharged on the day of their procedure and the majority of fundoplication
patients spend a night in the hospital. Operating room time is typically greater for
fundoplication when compared to MSA. To compare costs associated with a surgi-
cal encounter to perform a fundoplication versus implanting an MSA device,
Reynolds et al. published another study where they determined that in their experi-
ence there was no significant difference in mean charges between procedure types
(laparoscopic MSA $48,491 versus laparoscopic fundoplication $50,111; p = 0.506)
[21]. The authors of this study concluded that the MSA provides a similar efficacy
and safety to fundoplication with lower hospital charges.

As the post-market experience with MSA has steadily increased, surgeons have
expanded their indications and have started to implant devices in patients with con-
ditions not studied in the FDA premarket research. Publications regarding the out-
comes in patients with conditions listed as precautions are appearing in the literature
with good reported outcomes. Outcomes in patients with hiatal hernia and even
Barrett’s esophagus have been published [22—-24]. Whereas the initial post-market
technique for implanting an MSA device involved minimal dissection at the hiatus
and an emphasis on preserving the phrenoesophageal ligament, the technique has
evolved to include a complete hiatal dissection. Tatum et al. compared outcomes in
the “minimal dissection” era to outcomes in patients to undergo a full hiatal dissec-
tion with division of the phrenoesophageal membranes and ligament [24]. Recurrent
reflux and lower reoperation rates were observed in those to undergo a full dissec-
tion. Rona et al. retrospectively reviewed 192 patients who underwent MSA, 27.1%
of whom had a hiatal hernia >3 cm. Those patients with hiatal hernias >3 cm were
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found to have decreased PPI requirements and lower GERD-HRQL scores at a
median follow-up of 12 months compared to those with a hernia <3 cm in size or no
hernia [23]. In this study, there was no difference in the ability to achieve symptom
resolution nor the need for intervention for dysphagia. These authors suggest that
short-term outcomes are similar for those patients with and without a large hiatal
hernia managed with MSA.

Conclusion

GERD is the most common gastrointestinal condition in the United States. Medical
therapy with acid suppression is not completely effective in many patients, and
concerns about long-term medical therapy are progressively increasing. Despite
these facts, antireflux surgery is utilized in a very small portion of patients who
would otherwise qualify or benefit. This is largely due to the invasiveness, side
effects, and failure rate associated with laparoscopic fundoplication. MSA is a novel
and promising new option with a side-effect profile that has several advantages
when compared to fundoplication. MSA implantation is safe and effective, and a
viable as well as important option for patients with GERD.
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Introduction

Anti-reflux surgery has a long history. It was in 1936 when Rudolph Nissen per-
formed the first fundoplication. However, this was not done to prevent reflux but to
“protect” an anastomosis from a distal esophagectomy. In 1951, Allison described
for the first time a surgery with the intent to prevent reflux and the Nissen fundopli-
cation for reflux was done a few years later, in 1955 [1].

However, the popularity of anti-reflux surgery did not pick up until the 1990s,
with the creation of laparoscopic surgery. During that decade, there was a steady
increase in the procedures performed in the USA According to data from the
Nationwide Inpatient Sample (NIS), 31,695 cases were done in 1999, and since then
a steady decrease in fundoplications has been noticed. The reason for this decline
could be the increased efficacy on medication, newer endoscopic and surgical pro-
cedures, or the concern for long-term results [2].

In this chapter, we review the physiopathology of reflux, preoperative evaluation,
the current surgical therapies, and their results.
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Symptomatology and Pathophysiology

The most common manifestations of gastroesophageal reflux disease (GERD) are
the typical symptoms such as heartburn, regurgitation, dysphagia, or sleep distur-
bances. However, multiple atypical symptoms on different systems such as ENT,
pulmonary, cardiac, or dental can be related to GERD. Some of the most common
atypical symptoms are laryngitis, hoarseness, sore throat, sinusitis, otitis, asthma,
chronic cough, bronchitis/pneumonia, chest pain, dental problems, and halitosis,
among others. It is estimated that 60% of the asthmatic population in the USA could
have a component related to reflux [3].

Gastroesophageal Junction (GEJ) Incompetence

This junction is a complex with different anti-reflux mechanisms; the dysfunction of
any of those leads to reflux disease.

» Transient lower esophageal sphincter relaxations (TLESRs)

— The TLESR is a mechanism that allows clearing air from the stomach and
belching. When it happens, the LES relaxes, the stimuli to the diaphragmatic
crura gets inhibited, and the longitudinal muscular layer of the esophagus
contracts.

— When this occurs, acid also refluxes in up to 93% of the events.

» Hypotensive lower esophageal sphincter (LES)

— This is defined as LES pressure <10 mmHg.

— It is an uncommon etiology for reflux, reflux occurs while straining or if
severely hypotensive, could happen freely.

* Anatomic disruption of the GEJ

— If the LES is not aligned with the diaphragmatic crura, the efficiency of the
anti-reflux mechanism decreases significantly, which leads to GERD.

— Most commonly after a hiatal hernia. Patients with large hiatal hernias also
have weaker LES pressures and esophageal peristalsis [4].

Increased Acid Production

In most patients with GERD, the acid production is normal; however, in certain
populations with a hypersecretory state such as patients with Zollinger-Ellison, the
increased levels of acid overcome the protective mechanisms and lead to
severe reflux.

When acid, bile, and the digestive enzymes come in contact with the esopha-
gus, it can lead to some complications such as Barret’s or even esophageal
cancer [5].
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Impaired Esophageal Motility and Acid Clearance

Following exposure to gastric acid, esophageal clearance is required to limit the
symptoms and the damage. A prolonged contact with fluid with a pH <4 can lead to
severe mucosal injury.

Failed or hypotensive esophageal motility (<30 mmHg) can be a contributing
factor to GERD; however, reflux itself can lead to worsening of the motility. When
reflux is corrected and the vicious cycle is broken, some improvement can be seen
in the esophageal motility, particularly in patients with severe esophagitis [4, 6].

Obesity

Obesity is an important risk factor for developing GERD. Obesity is not a single
mechanism, but a combination of multiple factors previously explained. Central
obesity leads to an increase in intraabdominal pressure. That increase in pressure
diminishes the threshold required to defeat the natural anti-reflux mechanisms.
Obesity also increases the susceptibility of the patients to develop a hiatal hernia.

On top of the previously stated, obese people have an increased prevalence of
esophageal motor disorders, a decreased resting LES tone, a decreased esophageal
peristalsis, and an increased number of TLESR [7].

Jacobson et al. did a study in >10,000 women in which they found an almost
linear correlation between BMI and reflux symptoms [8].

Sleeve Gastrectomy

Obesity continues to rise around the world, and nowadays sleeve gastrectomy is the
procedure most commonly performed. It is estimated that it accounts for nearly
60% of all the bariatric procedures.

One of the most important concerns regarding this surgery is the potential for
reflux. There are many papers that have been written about the relation between
sleeve and de novo or worsening reflux and the development of Barret’s [9].

Some of the proposed mechanisms for GERD after sleeve are lack of gastric
compliance, increased intraluminal pressure, removal of the fundus, decreased LES
pressure, and further increase in pressure if there is a partial obstruction due to a
technical problem such as a twist or narrowing on the sleeve [10].

Preoperative Workup

In order to be able to talk about the possible surgical therapies, it is important to
have a precise diagnosis of GERD because symptoms alone can have a specificity
as low as 30% [11]. Endoscopy is a mandatory test that should be done in all
patients; it can not only give us the diagnosis when we find mucosal breaks but also
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allows us to find associated pathology such as Barret’s, H. pylori, eosinophilic
esophagitis, or even adenocarcinoma. Another benefit of the procedure is that biop-
sies can be taken for additional diagnoses [12].

e Barium swallow: It delineates the anatomy very clearly; this study can identify
hiatal hernias or specific situations such as a short esophagus. On top of that, the
extent of the reflux can be seen in fluoroscopy [13], as well as estimates of esoph-
ageal motility.

e 24-hour pH-monitoring: This remains the gold standard for the diagnosis of
GERD; however, in our practice we do not perform this study routinely unless
we have doubts about the diagnosis [12].

e Manometry +/— impedance: This study allows us to evaluate the esophageal
motility, which we believe is important. So we perform it routinely; however,
some evidence exists that there is no benefit in a tailored approach to the fundo-
plication [14, 15].

Surgical Interventions
Fundoplication

The procedure most commonly performed for GERD is fundoplication. Many tech-
nical variations regarding the procedure exist, but the most common techniques are
the posterior partial fundoplication (Toupet) and the total or 360° (Nissen).

Multiple prospective studies have been done throughout the years comparing
surgical and medical treatment for GERD with good follow-up, and it has been
shown that surgical therapy is a good alternative and, in many cases, more efficient
than the medical therapy. Prospective trials favor surgery with objective and subjec-
tive findings on manometry, pH-metry, and questionnaires, especially on patients
who had a partial response to proton pump inhibitors (PPIs) [16-18].

When talking about surgeries for a chronic disease, it is important to see the
long-term results and follow-up. Marandani randomized 137 patients to either open
Nissen or Toupet fundoplication and followed them for 18 years. Symptoms were
controlled in 80-90% of the patients [19]. Similarly, Campanello followed his
patients in Sweden for 5, 10, and 20 years after a laparoscopic fundoplication and
found that 87% of the patients were satisfied with the results after the surgery, and
84% would recommend the surgery to their loved ones [20].

Multiple studies have compared partial to total fundoplication; however, a defini-
tive consensus regarding which procedure is better has not been achieved.

Some authors advocate for a tailored approach, which means doing a total fun-
doplication on patients who have good esophageal motility and a partial on patients
with motility issues, but this has also been a subject of controversy [21-25].

In order to compare these two procedures Hajibandeh et al. [21] did a metanaly-
sis that included three randomized controlled trials (RCT) with a total of 220
patients who had either a Nissen or a Toupet fundoplication. Dysphagia was
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significantly higher on the Nissen group OR = 10.32 (95% CI = 3.47-30.67,
P < 0.0001) compared to the Toupet one, despite the latter group having a higher
incidence of preoperative esophageal dysmotility/dysphagia. The study did not pro-
vide data regarding heartburn or regurgitation, or objective reflux data.

Wang randomized 80 consecutive patients to either a Nissen or a Toupet. The
patients were fully worked up with EGD, manometry, and pH-metry. The last two
studies were repeated in the postoperative period. On their last follow-up, the
DeMeester score decreased from 43.0 = 42.1 to 10.37 + 3.10 in the Nissen group
and 42.58 = 39.38 to 12.03 + 2.18 in the Toupet (P < 0.05 in both groups). In both
groups, a significant increase on the LES tone was seen between 7 and 18 mmHg,
as well as a great improvement in the esophageal function. In their study, despite
there being a statistically significant difference on the DeMeester score favoring the
Nissen group, clinical symptoms were similar, and the only thing that had a clinical
relevance was an increased rate of dysphagia in total fundoplication group [26].

On a different metanalysis with systematic review from seven RCT (three were
used in the study from Hajibandeh), Broeders [23] found no difference in acid expo-
sure, esophagitis, symptomatic recurrence, or satisfaction between the two groups.
However, the rates of dysphagia (R.R 1.6), surgical reintervention (R.R 2.1), esoph-
ageal dilation (R.R 2.4), and inability to belch (R.R 2.0) were higher on the Nissen
group. In their opinion, Toupet should be the treatment of choice.

Conversely, Patti [22] did a retrospective study of 357 patients who were fol-
lowed for 70 months. The first 235 receive a tailored approach depending on the
manometric results. Patients who had esophageal dysmotility had a partial fundopli-
cation and patients with normal motility a total fundoplication. Postoperatively,
patients who received a partial fundoplication had a DeMeester score of 46 +/— 56
compared with 24 +/—33 in the patients who had a Nissen. Reflux symptoms were
also higher in the first group; 33% vs. 15%. Lastly, dysphagia was only marginally
higher on the Nissen group, 11% vs 8%.

In the following 122 patients, they did a Nissen regardless of the manometric
scores and, at the end, they did a comparison between patients with weak motility
who had a partial vs. patients with weak motility who had a total. The DeMeester
score postoperatively on the partial fundoplication arm was 46 +/— 56 vs 10 +/— 8
on the total, reflux was 33% vs 13%, and dysphagia was 8% vs 9%. Due to their
results, the authors recommend a 360° procedure regardless of the preoperative
manometry.

A recent metanalysis compared an anterior 180° with a total fundoplication; the
study reviewed six RCT with 531 patients. Their findings were similar DeMeester
scores and symptomatic relief with a tendency favoring the Nissen group in both
groups. Dysphagia rates were similar in patients with a follow-up shorter than
60 months, and in the patients with a longer follow-up less dysphagia was seen in
the first group (RR =0.67, 95% CI, 0.49-0.90, P = 0.009). However, the number of
endoscopic dilations required, gas bloating symptoms, and inability to belch were
similar in both groups. The main difference between the two groups was the need
for a reoperation due to recurrent symptoms in the group with the anterior approach
(RR =3.58,95% CI, 1.30-9.88, P = 0.01) [27].
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Hopkins randomized 191 patients to either a 90° anterior fundoplication or to a
posterior 360°; he followed them for 10 years with questionnaires. He saw similar
overall satisfaction in both groups, yet heartburn scores and the need to take PPIs was
higher in the anterior group, whereas dysphagia was higher in the Nissen one [28].

While comparing an anterior fundoplication with a Toupet, SAGES guidelines
found a statistically significant higher use of PPIs, increased esophageal acid expo-
sure, more reoperations, and less satisfaction with the anterior fundoplication with-
out any benefit on dysphagia. For that reason, they concluded that an anterior repair
should not be recommended for GERD [13].

Although it is a safe procedure, complications can occur, gastric or esophageal inju-
ries are more frequent after redo operations and its incidence is around 1% [29, 30].

Capnothorax can happen if the pleura is violated (around 2% of the time) and
sometimes is noted by the anesthesia team by a sudden rise in CO.,. It usually does
not have a significant clinical repercussion and resolves by hyperventilation, giving
positive pressure before extubation and observation. Supplemental O, and a chest
X-ray can be done in the postoperative course, but is not routinely necessary.

The spleen is the most commonly injured solid organ during a fundoplication,
and it happens as a result of a direct injury or by excessive traction while mobilizing
the gastric fundus. Those injuries present in 2.4% of the cases and their conse-
quences vary from inconsequential small tears to splenic hematomas and lacera-
tions, or to significant bleeding requiring conversion to open and/or a splenectomy [5].

A transthoracic approach was used frequently before the creation of laparoscopic
Nissen fundoplication; however, its popularity has been decreasing significantly and
nowadays we seldom see any publications regarding this approach. Since morbidity
is higher with the Belsey Mark IV for reflux or small hiatal hernias, that procedure
is almost exclusively done for large hiatal/paraoesophageal hernias, significant pre-
vious abdominal surgery, redo surgery, esophageal dysmotility, and extreme esoph-
ageal shortening [31].

Not much evidence exists comparing the laparoscopic Nissen fundoplication
(LNF) with the Belsey Mark IV, but there is a role for it in certain cases with pin-
point indications. A group at Mayo Clinic published recently their experience of
118 patients with large paraoesophageal hernias (>50% of the stomach) that were
operated between 2002 and 2011. They matched those patients with patients who
had a laparoscopic Nissen fundoplication (LNF) around the same time. Recurrence
rates were similar between both groups with reference to the quality of life scores;
nonetheless, esophageal leak was higher on the LNF group (6.8% vs 0%) as well as
reoperations (9.3% vs 2.5%) [32].

Esophageal Lengthening Procedures

Collis gastroplasty is not an anti-reflux procedure itself, but more of an adjunct
therapy while doing a fundoplication. Its use has been debated significantly; the first
point of debate is its indication. This procedure is used when not enough esophagus
can be brought intraabdominally. The existence of a short esophagus by itself has



4 Surgical Therapy for GERD 37

been challenged by some authors [33]. Some of the concerns that linger around this
procedure are leaving an amotile segment of stomach that could hinder the esopha-
geal emptying and generating dysphagia [34], leaving parietal cells in the neoesoph-
agus that could lead to increased reflux, and lastly the concern from complications
of the staple line.

Making a comparison between a fundoplication in a patient who required a
Collis and one that did not can be inaccurate, since patients that require it already
have an advanced disease that leads to the short esophagus in the first place. On top
of that, in some series, the Collis group have greater revisional rates [35].

In the Zehetner series, the rate of dysphagia decreased from 58% to 16% after the
Collis had only two new cases of dysphagia [34]. Weltz et al. did a retrospective
study in which they compared the results of 149 patients who had an anti-reflux
procedure with a Collis gastroplasty and 331 patients that only had the anti-reflux
procedure. As expected, the time of surgery was greater in the Collis group; how-
ever, 30-day readmissions, complications, and quality of life were equivalent in
both groups at 12 months [35].

Laparoscopic Magnetic Sphincter Augmentation

The lower esophageal sphincter has two mechanisms to prevent reflux, the pinch by
both diaphragmatic crura and the intrinsic muscular sphincter, a magnetic device
was created and approved by the FDA in 2012 to increase the pressure of the LES
and decrease reflux when the previously stated mechanisms fail.

The LINX® Reflux Management System (Torax Medical, Inc., Shoreview, MN,
USA) is a magnetic chain of titanium beads linked together around the esophagus
that increases the pressure of the LES. The magnets separate when the food bolus
passes through but prevent reflux since the back pressure is lower. When back pres-
sure increases even further, the device opens to allowing belching or vomiting.

Currently, this device is targeted for patients with pathologic reflux with normal
esophageal motility without esophagitis or a significant hiatal hernia.

Ganz reported 100 consecutive patients with a 3-year follow-up. He showed that
94% of the patients were satisfied with the procedure, and 84% were off PPIs. After
5 years, he did a follow-up study that still showed good results without major com-
plications [36].

The most commonly reported adverse event after placement of the device is dys-
phagia in 45-68% of the patients. However, for most cases, it resolves on its own
with time but pulse steroids or, in some cases, esophageal dilations are required. The
prevalence of dysphagia in the USA at 5 years decreased to 6%. The removal rate
goes from 3% to 6% and the reasons are persistent dysphagia, odynophagia, and
chest pain, and the most worrisome ones are migration and erosion [37].

According to Alicuben, there have only been 29 reported cases of erosions
worldwide, which represent 0.3% of the devices placed. If the device erodes into the
stomach, this could be removed with either an endoscopic or laparoscopic proce-
dure in most cases [38].
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Gastric Bypass

The gastric bypass is one of the oldest procedures that could be done for GERD. It
was first described by Dr. Mason in 1967 [39]. In the following decades, the relation
between the bypass and reflux was extensively studied.

One of the main reasons for which a fundoplication is not performed on obese
patients is because the recurrence rate is close to 30% in that population [40] on top
of not having any significant impact on the weight, and potentially making the revi-
sional surgery either for weight loss or recurrence of symptoms significantly harder
and with higher morbidity. SAGES guidelines recommend avoiding a fundoplica-
tion and performing a bariatric surgery on patients with a BMI >35 kg/m? and rec-
ommend further studying performing bariatric surgery on patients with a BMI
between 30 kg/m? and 35 kg/m? [13].

Multiple mechanisms are related to the correction of reflux with the gastric
bypass. First, as previously mentioned in this chapter, obesity is a significant risk
factor for GERD, so when patients lose weight, reflux diminishes. Also, due to the
size of the gastric pouch, the number of parietal cells on it significantly decreases
and by extension the acid production. Lastly, with a standard bypass technique, in
order for the acid or bile to reach the pouch or the esophagus, it would have to travel
backwards on the alimentary limb for 100 cm or more.

On a series of 152 patients, a statistical and clinically significant improvement in
heartburn, water brash, laryngitis, wheezing and aspiration was seen after the
bypass. Their consumption of PPI went from 44% to 9% and the occasional use of
H2 blockers from 60% to 10% [40].

On a recent randomized controlled trial 217, patients with obesity were assigned
to either a gastric bypass or a sleeve and were followed for 5 years. Weight loss was
the same between the two groups; however, reflux resolution was seen in 60% of the
bypass group against 25% of the sleeve gastrectomy patients [41].

Mortality rates after a bypass on expert hands now approaches 0.16% and it is
primarily due to a pulmonary embolism, leaks rates 1% and bleeding 0.4%. Long-
term complications such as internal hernias could be as high as 16%; however, if the
mesenteric defects are closed with non-absorbable sutures, the rate decreases sig-
nificantly. Lastly, marginal ulcerations can occur in 4.5%, especially in patients who
smoke or have a gastro-gastric fistula [42].

Electrical Lower Sphincter Augmentation (EndoStim)

LES stimulation with electricity can increase the tone of the sphincter without
affecting the esophageal peristalsis. In 2012, Rodriguez et al. did the first studies in
humans in which he proved that by implanting a device that stimulates the LES, the
resting tone can increase and reflux diminishes [43].

The way the LES stimulator device (by EndoStim St Louis. MO) works is by
placing laparoscopically two electrodes on the anterior wall of the GEJ 1.5 cm apart
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from each other and those electrodes are connected to an implantable impulse gen-
erator that gets placed on a subcutaneous pocket. The generator can be interrogated
and programed wirelessly [44]. The device delivers up to 12 thirty-minute sessions
of electrical stimulation during the day and those sessions can be programed before
or after meals or when patients are symptomatic.

So far, small series have been published with a follow-up of 3 years with promis-
ing results, improving reflux and with low morbidity [45]; however, case numbers
are still too small with a relatively short follow-up to be able to recommend this
therapy for the general population.

Reflux After Sleeve Gastrectomy

As previously stated in this chapter, sleeve gastrectomy is the most common bariat-
ric procedure performed worldwide and it has been linked to GERD, management
of reflux after sleeve can be complicated. Here is an algorithm on how it could be
managed Fig. 4.1.
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Fig. 4.1 Obtained from: Chousleb et al. Gastroesophageal Reflux Disease (GERD) post Sleeve
Gastrectomy. Review of the literature and proposal of a management algorithm. (On: the perfect
sleeve. 2020 with permission by the authors)
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Recurrence of Symptoms After Surgical 5
Therapies

Sammy Ho and Sara Welinsky

Gastroesophageal reflux disease (GERD) is a common problem in the outpatient
setting with increasing prevalence in the Western world, affecting 18.1-27.8% of
patients in North America [1]. Although GERD is most commonly managed with
medical therapy including proton pump inhibitors (PPI) or histamine antagonists,
invasive techniques including surgical Laparoscopic Nissen Fundoplication or
endoscopic Transoral Incisionless Fundoplication (TIF) provide treatment alterna-
tives for difficult-to-control GERD symptoms. There is no consensus on which of
the different treatment options is best.

Laparoscopic Nissen Fundoplication is the gold standard for surgical manage-
ment of GERD. Multiple studies have compared the efficacy of medical therapy
with Laparoscopic Fundoplication to determine reflux recurrence. Various out-
comes have been emphasized in the literature, with studies showing excellent short-
term results for surgical management but with varying outcomes for long-term
efficacy [2]. One randomized control trial compared total Laparoscopic Nissen
Fundoplication with PPI therapy by measuring time to treatment failure and found
that medical and surgical interventions had similar 3-year remission rates at 90% for
surgical patients and 93% for medically treated patients (p = 0.25) [3]. In another
randomized control trial, surgery showed more heartburn free days in the surgical
group with a treatment failure of 11.8% in the surgical group and 16% treatment
failure in the medically managed group [1].

In contrast, multiple large cohort studies have shown a high risk of recurrence
after Laparoscopic Fundoplication [4]. One cohort study with a mean follow-up of
5.9 years showed that of the 37% of patients taking acid-reducing medications
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post-operatively, 17% never stopped taking the medications after surgery and 83%
restarted the medication at a mean of 2.5 years [5]. Another large cohort study using
nationwide Swedish registries investigated 2655 post-surgical patients and showed
17.7% had recurrent gastroesophageal reflux disease requiring long-term medica-
tion use or secondary antireflux surgery [4]. Some risk factors that were associated
with recurrent symptoms included older age and female sex.

Although Laparoscopic Nissen Fundoplication is thought to be a successful
treatment modality for GERD, recurrence of symptoms is not uncommon and
between 3% and 6% of patients will undergo a second procedure [6]. In most cases,
Laparoscopic Fundoplication failure can be attributed to one of the following expla-
nations: (1) wrong indications for the operation; (2) wrong preoperative workup; or
(3) failure to execute the proper technical steps [6]. If heartburn symptoms can be
controlled with medications, a repeat procedure can often be avoided, but if symp-
toms persist and an obvious anatomic issue exists, then a second operation is often
considered [6]. Long-term results for surgical re-intervention are limited. One lit-
erature review found that re-operation was associated with higher morbidity and
mortality when compared to primary anti-reflux surgery and had a lower success
rate at 81% for subjective symptom improvement [7].

TIF has become increasingly popular in helping to bridge the gap between medi-
cal therapy and surgical intervention due to its minimally invasive approach. Given
the novelty of this procedure, long-term efficacy is unknown. Studies comparing
TIF to PPI therapy have demonstrated a beneficial effect. One study showed signifi-
cant symptom improvement in the TIF group compared with the PPI group, with pH
normalization for the TIF group of 50% compared with 63% (p < 0.001) for the PPI
group immediately after the procedure [8]. However, the same study looked at
esophageal acid exposure at 12 months and found that although the quality of life
showed sustained improvement, there was no long-term improvement in esophageal
acid exposure [8].

There have been no head-to-head comparisons of TIF and surgical Nissen
Fundoplication, but one study performed a systematic review and meta-analysis to
compare the relative efficacies of TIF versus Laparoscopic Nissen Fundoplication
and showed that TIF had the highest probability of increasing health-related quality
of life (0.96), followed by Nissen Fundoplication (0.66), followed by PPI therapy
(0.042) [9].

With increasing prevalence of GERD in the Western world, understanding the
effectiveness of different treatment modalities is essential. Although medical man-
agement is often the primary treatment, invasive techniques with surgical
Laparoscopic Nissen Fundoplication or endoscopic TIF are being utilized with
increasing frequency. Comparison of PPI therapy and surgical Laparoscopic Nissen
Fundoplication has been well-studied with variable outcomes. Treatment failure for
Laparoscopic Nissen Fundoplication has been reported as low as 11.8% [1], while
other studies have shown the need to restart acid-reflux medications after surgery in
as high as 37% [5]. Further head-to-head comparison is needed to contrast the effec-
tiveness of Laparoscopic Nissen Fundoplication and TIF.
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Short Esophagus: Its Relationship
with Fundoplication Failure

and Postoperative Recurrence

of the Hiatal Hernia

Italo Braghetto and Owen Korn

Since the 1950s, the discussion about the acquired shortened esophagus has contin-
ued. It is a very controversial issue because some surgeons recognize the existence
of a real short esophagus, while others do not recognize it at all. Both have experi-
mental and clinical arguments, based on anatomical studies, radiologic manomet-
rics, and findings during surgical exploration that support the existence or inexistence
of an acquired short esophagus. On the other hand, the relation between the short
esophagus and antireflux surgery has been a topic of keen interest in the esophageal
literature of the past 40 years.

History

The history of the short esophagus is long and full of misunderstandings. In 1950,
Barrett established the concept of congenital short esophagus by arbitrarily consid-
ering that the organs are defined by their epithelia. Thus, when the columnar epithe-
lium was found at the distal end of the esophagus, it was estimated that it was the
stomach and therefore the esophagus was short. In 1953, Allison demonstrated the
presence of esophageal submucosal glands under the columnar epithelium and
showed that what was believed to be the stomach was in fact esophagus. Barrett
took 4 years to acknowledge his mistake.

In 1957, Lortat Jacob was the first to describe the phenomenon of acquired
esophageal shortening. He described the pathophysiology of reflux esophagitis
leading to stenosis, in some cases to acquired esophageal shortening, and named it
“endobrachiesophagus.” During the same period, Leigh Collis described his com-
bined technique of gastroplasty with hiatal hernia repair.
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Some important dates:

1950 Barrett defines congenital short esophagus

1953 Allison/Johnstone identified esophagus instead of stomach

1957 Barrett recognized the confusion and error

1957 Collis published his technique

1970/1980 | Pearson, Orringer, and Sloan use the Collis-Nissen Collis-Belsey technique
1995-2001 | Swanstrom, DeMeester, Hunter, Richardson: laparoscopic approach

Pathophysiology

Physiologically, an intrinsic shortening of the esophagus would result, most com-
monly, from the chronic inflammation that accompanies gastroesophageal reflux
disease. An inflammatory response ensues, with the inevitable stages of edema,
inflammatory cell infiltration, subsequent healing, and eventual fibrosis. This pro-
cess eventually involves the deeper muscular layers of the esophageal wall and may
even extend transmurally into the periesophageal tissues of the mediastinum. With
repeated cycles of injury and repair over time, functional and irreversible damage
occurs to the involved esophagus. Contraction of the collagen in the transmural
fibrous scar can occur circumferentially, producing a peptic stricture, or longitudi-
nally, resulting in a short esophagus [1-3]. Manometric, radiologic, and experimen-
tal studies support the existence of short esophagus.

Although this pathophysiological process is undoubted, it does not necessarily
lead to an anatomical shortening of the esophagus. Some authors have suggested to
separate two different presentations, one that is true short esophagus but susceptible
to be elongated, and one that cannot be elongated. For the unbelievers, the esopha-
gus will be longer or shorter depending on the adequate intra-mediastinal dissection
of the esophagus and, therefore, these authors definitely do not recognize this entity.
Most of the authors in their clinical practice have found a short esophagus situation
only in highly exceptional cases, and in our experience, after working for many
years in esophageal surgery, the presence of a “true” short esophagus has been
uncommon to say the least.

Why Yes, Why No

As mentioned, the reason for esophageal anatomical shortening is due to a chronic
inflammatory process secondary to long-standing gastroesophageal reflux that first
produces severe mucosal (ulceration) and then transmural compromise that results
in damage to the muscle fibers. The healing process leads to stenosis and eventual
esophageal shortening.

Some older studies would support this hypothesis. In a study performed on opos-
sum, it was demonstrated that the infusion of acid into the esophagus to produce
inflammation caused esophageal shortening with manometric displacement of the
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inferior esophageal sphincter toward the proximal and consequently, a hiatal hernia
would appear [2]. It is a convenient theory but the studies were very unconvincing
due to the great mobility and physiological displacement of the sphincter. Does a
couple of centimeters of retraction really determine a short esophagus? On the other
hand, it can be seen that the acid can induce a contractile response of the muscle
fiber without there being a histological fibrotic scar substrate that causes the perma-
nent shortening.

Renowned esophageal surgeons such as Griffith Pearson, Karen Horvath, Tom
DeMeester, Jeffrey Peters, Lee Swanstrom, Sandro Mattioli, and others accept and
promote the existence of a short esophagus, especially in patients with hiatal hernia,
peptic stenosis of the esophagus with Barrett’s esophagus, and recurrence after
Nissen fundoplication [3]. On the other hand, other well-known surgeons such as
Ronald Hinder, Attila Csendes, and Lucius Hill himself have never recognized a
short esophagus in practice.

Evaluation and Diagnosis

Much has been written about the preoperative diagnosis and predictive factors of a
short esophagus. Some authors base their literature on manometric, endoscopic, or
radiological studies, and others on the presence of esophageal stenosis, Barrett’s
esophagus, or large hiatal hernias. None of these studies can assure the existence of
a short esophagus without intraoperative confirmation of its true existence [3]. It is
accepted that the gold standard for diagnosing a supposed short esophagus is during
the surgical procedure.

Anatomy

For years, it was thought that the scarring process secondary to reflux esophagitis
that caused the shortening of the esophagus had as a direct consequence on the
appearance of hiatal hernia, and some studies suggested a relationship between the
severity of esophagitis and the appearance of hiatal hernia in different sizes.
However, it has been observed in children with hiatal hernia in whom no esophagitis
has been found [1]. Hence, the explanation could be the other way around, that is, a
large hiatal hernia could be the cause of esophagitis and not esophagitis the cause of
the appearance of the hernia. The possibility of esophagitis itself contributing to the
appearance of a hiatal hernia has been ignored by many authors [2].

So far in the literature, there has not been a clear anatomical demonstration of the
shortening of the esophagus and many descriptions do not go beyond being impres-
sions that are based on the external appearance of the gastroesophageal junction.

A short anatomical esophagus means that a segment several centimeters in length
of the distal esophageal tube disappears and the union of the esophageal tube with
the gastric pouch ascends. The sphincter and gastroesophageal vestibule also ascend
and the short vessels would lengthen just like the artery and left gastric veins
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Fig. 6.1 Hiatal Hernia with “accordionated” esophagus

following the stomach. The vagal trunks, which do not shorten with the esophagus,
would be redundant. The esophagus does not fall back under the hiatus, and the
stomach, its serosa and its accompanying vessels permanently remain in the thorax
because they cannot be lowered. Some believe that this description is found in at
least 15% or 20% of patients with GERD.

A true hiatal or paraesophageal hernia (Type II, III or IV) has a dilated hiatus
with a large peritoneal sac and an “accordioned” esophagus because it has to accom-
modate itself if the stomach rises, and the vessels and vagus follow the organs with-
out losing their relations (Fig. 6.1).

Endoscopy

Endoscopic study has been suggested as a preoperative predictor of short esopha-
gus, measuring the distance from the dental incisura to the gastroesophageal junc-
tion in relation to height. This method can very clearly determine the limit of
squamous-columnar mucosa change but does not determine the exact location of the
gastroesophageal sphincter, especially in patients with hiatus hernia or Barrett’s
esophagus in whom it is not possible to identify the exact point of the gastroesopha-
geal junction due to dilation of the cardia and loss of Hiss angle. The endoscopic
landmarks present great variation and there is a lot of misunderstanding regarding
the location of peptic esophageal stenosis in relation to the change of mucous
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membranes and the exact location of the esophagogastric junction. This, in turn,
results in the mistaken concept of the existence of a short esophagus. A study was
made with the measurement of the length of the esophagus taken from the incisors
to the gastroesophageal junction in patients undergoing Nissen or Toupet fundopli-
cation. The study also included another group in whom Collis gastroplasty had to be
performed and the length relationship of the patients was calculated using their
height. It was concluded that there was a difference of 3.8 cm between both groups,
but a great dispersion of the values was observed in both groups, with a specificity
of 95% and a negative predictive value of 83%. The study by the Nebraska group
that compared the length of the esophagus in patients subjected to a Collis gastro-
plasty versus a control group in which there was no need for esophageal elongation
lacks scientific rigor since it does not consider the esophageal dissection factor.
According to other opinions, this endoscopic measurement is absolutely reliable
[4]. On the other hand, correlating these measurements with the intraoperative con-
firmation of a short esophagus will depend, as we have already mentioned, on the
type of mediastinal dissection performed.

Manometry

The best way to determine the length of the esophagus is the manometric method,
determining the limits of the cricopharyngeal sphincter and the distance to the LES
and correlating it with the height of the patients. However, it has been seen that there
is a low correlation between these parameters and there is also a large dispersion of
values between normal subjects and patients with gastroesophageal reflux.

In 1971, our Surgical Department simultaneously performed radiological and
manometric studies demonstrating that below the stricture area motility existed that
corresponded to the esophagus and not the stomach and therefore it was not a true
short esophagus [5] (Fig. 6.2).

Peters and DeMeester [6] found progressive shortening of the esophagus accord-
ing to the severity of the esophagitis with up to 2 cm of difference, coinciding with
Korn’s studies in our group. The measured shortening is in the range of 2 cm and
could be explained by the shortening of the sphincter pressure area. No significant
differences were found between patients with esophagitis or complicated Barrett’s
esophagus [7]. In Fig. 6.3, the findings in the two studies are shown. On the other
hand, Gastal describes the manometric length of the esophagus in patients undergo-
ing Collis gastroplasty, after esophageal mobilization with laparoscopic approach.
When compared to a normal one, 28% short esophagus, 6% definitive short esopha-
gus and 12% short esophagus catalogued as apparent were found, but the differ-
ences are also no more than 2cms. [8].

The positive predictive value of the manometric study is only 36%. In Fig. 6.4,
we show our results studying esophageal length in control subjects and patients with
reflux esophagitis, non-complicated and complicated Barrett’s esophagus. [6] Based
on this study, for us, the so-called true short esophagus does not exist and is not
relevant between different degrees of severity of the disease nor does it have an
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Fig. 6.2 Simultaneous radiologic and manometric study demonstrating that the segment below
the stricture corresponds to esophagus and not the stomach
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Fig. 6.3 Manometric length of esophagus according to severity of esophagitis. (Refs. [6, 7])

Long-segment

Reflux Long-segment complicated
Subject’s height Control subjects (n) esophagitis (n) Barrett’s (n) Barrett's (n)
>180 30.3+3.1(6) 28.2+2.4 (5) 28.2+2.6 (5) 28.0 (1)
170-179 28.2+2.5 (43) 26.0+2.1(13) 26.7£2.4 (17) 26.6+3.1(12)
160-169 27.2+2.9(82) 25.6 +2.3 (34) 26.1+2.4(33) 251+3.3(7)
<159 26.1+2.3(59) 25.5+2.8 (25) 25.4+25(19) 26.4+2.8(9)

*There were not statistically significant differences among the different groups compared by range of height. All values are represented as cm + SD.

Fig. 6.4 Manometric length of esophagus (cm) according to height in controls and patients with
reflux esophagitis and Barrett’s esophagus
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important role in the choice of the surgical technique to be used. The minimum dif-
ferences of 1-2 cm between patients with different degrees of esophagitis can be
explained by the decrease in the length of the sphincter or by the dilation of the
gastroesophageal junction and not by an anatomical shortening of the esopha-
gus. [9].

Radiology

It has been suggested that if it is observed that the gastroesophageal junction is
located more than 5 cm above the diaphragmatic crura or hiatal hernia and it cannot
be reduced in a standing position; a short esophagus may be present. Radiological
studies are inaccurate because they do not precisely determine the location of the
LES. When the barium column is swallowed, the LES relaxes and ascends proxi-
mally. The classic image for those who think of a short esophagus is presented in
Fig. 6.5. The segment below the esophageal narrowing (a) would correspond to a
gastric segment pulled proximally by the esophageal shortening; however, it was
found that this segment corresponds anatomically and histologically to the esopha-
gus with a dilated gastroesophageal junction (point b).

The positive predictive value of the preoperative barium esophagram was
only 50%.

In a study comparing the preoperative radiological image and the intraoperative
findings in which a short esophagus was found and subjected to Collis gastroplasty,
the positive predictive value of the preoperative barium esophagram was only 50%.

'S

Fig. 6.5 Preoperative evaluation with barium swallow

A : correspondsto a columnar scale and
esophageal stenosis

B: dilated gastroesophageal junction

Short esophagus?

Hiatal Hernia?

Barrett with stricture?
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However, once again, the question arises of how the measurement was made and
how meticulous the intra-mediastinal dissection to adequately mobilize the esopha-
gus was. [10].

When these three methods of evaluation are jointly used for the diagnosis of the
supposed short esophagus, the specificity is 100% but the sensitivity is only 28%. [10].

Intraoperative Measurement

Despite all the preoperative diagnostic considerations, the definitive diagnosis of a
short esophagus is confirmed during a surgical procedure after extended esophageal
mediastinal dissection. In some cases, identification of EGJ can be difficult even
with intraoperative endoscopy in patients with hiatal hernia or Barrett’s esophagus.
Mattioli et al. have conducted a very elegant method for measuring the length of the
intraabdominal segment of esophagus after a 6-8 cm dissection of the mediastinal
esophagus. The distance between EGJ and the apex of the hiatus was determined.
When the sub-diaphragmatic segment of esophagus is less than 1.5 cm, it was cat-
egorized as a short esophagus. [11] In this study, after preoperative barium swallow,
short esophagus was found in 1.2%, while during surgery, 37% presented an intra-
abdominal esophagus shorter than 1.5 cm. Collis gastroplasty was performed in
14.5% and Collis-Nissen procedure in 3.8%. These results are very inconsistent. In
our experience, after esophageal dissection, we always obtained the intra-abdominal
segment of distal esophagus more than 2-3 cm, even in patients with hiatal hernia
or complicated Barrett’s esophagus (Fig. 6.6).

Fig. 6.6 Intraoperative measurement of mediastinal dissection of distal esophagus (a) and intra-
abdominal esophageal segment after dissection (b)
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Reported Incidence

The precise incidence of the truly shortened esophagus is unknown. In a review of
the open and laparoscopic literature, the frequency of esophageal shortening
ranges widely from the 60% reported by Pearson and Todd to 0% reported by Hill
and some laparoscopic series [12—14]. In the laparoscopic literature, the inci-
dences of esophageal shortening requiring a Collis gastroplasty are 3—5%. This
enormous variation is due, in part, to the magnitude and type of intra-medastinic
dissection of the esophagus. An extensive review carried out by Herbella [14]
establishes that the true existence depends on the extension of the esophageal dis-
section of the surgical approach and of the basic pathology. These criteria are
fundamental to determining the exact incidence of the existence of a true short
esophagus. According to Dallemagne, the esophagus should be mobilized up to
5-7 cm above the hiatus, and Swanstrom suggested continuing dissection to the
level of the lower pulmonary vein. This high mobilization of the esophagus
enables the reconstruction of a sufficiently long abdominal esophageal segment
which is possible to obtain in a high proportion of cases. For us, in agreement with
the majority of authors, a true short esophagus is very rare. For Hinder, the true
short esophagus is less than 1% [12-15].

In Table 6.1, we show a summary of the reported incidence of a short esophagus.

In our surgical experience, after 40 years of work in esophageal surgery, we have
only seen three cases of short esophagus in difficult dissection situations, in which,
when attempting to descend, there was a transversal tear in a scar area that forced
esophageal resuturing and gastroplasty repair.

Post-fundoplication Failure: Technical Failure or
Short Esophagus?

In a study by Swanstrom’s group, it was clearly established that a good intra-
mediastinal dissection reduces the failure rate of Nissen fundoplication without
the need for a Collis gastroplasty, which otherwise does not guarantee good

Table 6.1 Reported Incidence Short

incidence of short esophagus Esophagus
Patients with GERD 1.53%
Laparotomy approach 0.08%
Laparoscopic approach 0.84%
Thoracotomic approach 57.4%
Thoracoscopic approach 5.4%
Paraesophageal hernia 11.9%
Barrett’s esophagus 0.95%
Reoperation after fundoplication 2.9%
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results, aside from its complexity as a process. Poor results have been described
with a high rate of postoperative complications, persistence of abnormal acid
reflux in more than 50% of cases determined by 24 h pH monitoring, and poor
long-term results such as dysphagia, esophageal peristalsis, and recurrence.
Therefore, a good intra-mediastinal mobilization of the esophagus, of at least
7 cm (Type II intra-mediastinal dissection), should be chosen, which results in
an adequate length of the abdominal esophagus to perform a fundoplication
[16-17].

Recurrence of Postoperative Hiatal Hernia: Is the Short
Esophagus the Cause? Failure in the Dissection of the Sac
and Mobilization of the Esophagus?

It is widely accepted that in order to avoid a post-repair recurrence of a hiatal
hernia, a fundoplication should be performed on the free abdominal esophagus,
for which at least 2—3 cm of the intra-abdominal esophagus should be obtained.
If this is not obtained, one could think of the existence of a short esophagus. It
has been perceived by those who recognize it that a short esophagus contrib-
utes to a recurrence in 15-35% of the patients, but as we have already men-
tioned, with a wide dissection of the intra-mediastinal hernia sac, sectioning all
the fibrous tracts that keep traction toward proximal hernia content and good
dissection (Type II), it is possible to obtain an optimal length of intra-abdomi-
nal esophagus, which has been corroborated in many reported experience
[10-17].

Collis Gastroplasty: When to Indicate?

Therefore, given the low incidence of the true short esophagus and accepting
that there are exceptional situations, the question is when to perform a Collis
Nissen gastroplasty and how often should it be performed? Here, there is great
bias due to the partiality with which patients are handled. In some centers prone
to accepting the existence of a short esophagus, the Collis gastroplasty or Collis-
Nissen technique is more openly performed. For some, the short esophagus sim-
ply does not exist and they have never performed a Collis gastroplasty [14-16],
and others have performed it in up to 14% of the patients operated on for GERD
[17-22].

Figure 6.7 shows the algorithm for the treatment of GERD suggested more
recently; however, it has not been accepted at all [23].
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Hiatal hernia (HH) is a common finding in the general population, and given the
aging and the prevalence of obesity of the population in the United States, these
numbers will increase in the future [1]. It is a condition in which the stomach, in
some cases together with other structures, herniates through the esophageal hiatus
into the mediastinum. HH is a frequent finding in patients with gastroesophageal
reflux disease (GERD) eliminating a key component of the antireflux mechanism as
it interrupts the synergistic action between the lower esophageal sphincter (LES)
and the diaphragmatic crura [2]. HH has a distinct connection with obesity due to
increased intra-abdominal pressure [3, 4], which also increases the risk of recur-
rence [5].

Classification

The HH are divided into four groups [6]:

e Type I HH, so called sliding HH, is the most common, and it is responsible for
more than 95% of the cases. The gastroesophageal junction (GEJ) herniates
upward into the posterior mediastinum through the esophageal hiatus [7]
(Fig. 7.1).

e Type Il HH is the pure paraesophageal hernia (PEH). There is no displacement of
the GEJ, which is located below the diaphragm, but there is herniation of the
gastric fundus above the GEJ and lateral to the esophagus. Type II is the least
common among the PEH.
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Fig.7.1 Hiatal
hernia type I

e Type IIl PEH is the combination of types I and II as the GEJ and fundus are both
herniated into the mediastinum [6]. More than 90% of PEH are Type I1I (Fig. 7.2).

e Type IV PEH is characterized by the presence of other structures, such as the
omentum, colon, small bowel, spleen, and/or pancreas within the hernia sac in
mediastinum (Fig. 7.3).

Symptoms and Complications

Although many patients with HH are asymptomatic, each type of HH may present
with different symptoms. Complaints related to GERD, such as heartburn, regurgi-
tation, chronic cough, laryngitis, and asthma, are the consequence of the antireflux
mechanism disruption and are typical for type I HH. This may lead to GERD com-
plications such as esophagitis, Barrett esophagus, and strictures. Respiratory com-
plications vary from chronic cough to asthma, aspiration pneumonia, and even
pulmonary fibrosis. According to Schlottmann et al. patients with larger HH have
more frequent episodes of coughing and wheezing, decreased pressure of the lower
esophageal sphincter, weaker peristalsis, more acid reflux (as documented by pH
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Fig. 7.2 Hiatal hernia
type I

Fig.7.3 Hiatal
hernia type IV

monitoring), and more severe esophagitis [8]. While in type I HH dysphagia is usu-
ally secondary to abnormal peristalsis, in PEH it may be caused by compression of
the distal esophagus by the hernia. Large PEH may lead to respiratory and cardiac
impairment caused by direct compression of the thoracic organs [9]. Another com-
plication is anemia secondary to bleeding from venous stasis of the gastric wall or
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Cameron lesions [10]. Acute symptoms are more common for PEH. Volvulus, stran-
gulation, obstruction, ischemia, necrosis, and perforation are potentially lethal com-
plications [11].

Evaluation

Most patients require an esophagogastroduodenoscopy, barium swallow examina-
tion, high resolution manometry, and pH monitoring. A chest and abdomen CT is
key for the diagnosis of a type IV hernia, which can be suspected in a chest X-ray.

Endoscopy

Endoscopy gives information about the presence of esophagitis or Barrett’s esopha-
gus and rules out other gastric or duodenal pathology.

Barium Swallow

It determines the size and type of HH. While this test is important to delineate the
anatomy, it should not be considered diagnostic for GERD.

Esophageal Manometry

High-resolution manometry (HRM) determines the level of the crura, the respira-
tory inversion point, and the location of the lower esophageal sphincter (LES). It
may also give information regarding the size of sliding HH, the pressure of the LES,
and the quality of esophageal peristalsis. In addition, HRM enables a pH probe to
be properly positioned 5 cm above the upper border of the LES. The manometry and
pH monitoring are often omitted in elderly patients with type III HH.

pH Monitoring

Ambulatory pH monitoring is used to determine the presence of abnormal reflux,
and the correlation between symptoms experienced by the patient and episodes of
reflux. This is key before planning surgical treatment of GERD with a
fundoplication.

Computed Tomography

CT scan is recommended when a type IV HH is suspected or in case of acute
complications.
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Surgical Treatment

Asymptomatic HH do not need surgery. However, patients with large PEH should
have regular follow-up as the annual probability of developing acute symptoms is
around 1% [12]. The surgical approach and the indications for surgery differ depend-
ing on the type of HH.

Type I Most patients with GERD are treated with acid reducing medications. The
indications for surgery are intolerance to medical therapy or inadequate symptom
control despite optimal medical management, patient preference for surgery despite
successful medical management, complications of GERD, such as stricture while
taking PPI, and/or persistence of extra-esophageal symptoms despite medical ther-
apy. The technique will be described in the chapter that treats GERD.

Types II, III, and IV Surgery is indicated when the patient is symptomatic. It is
usually elective surgery. When ischemia is present, urgent repair is needed [13].
Surgical techniques for HH evolved over time [14]. Previous studies have shown
that laparoscopic HH repair, as compared to open, was associated with significantly
better postoperative outcomes in terms of morbidity, mortality, length of hospital
stay, and costs [15]. The following describes the technical steps of the repair of a
type III hiatal hernia. In most cases, the type IV hiatal hernia can also be treated
laparoscopically as it is possible to reduce all the organs. However, when severe
adhesions are present, a left thoracotomy might be necessary.

Patient Positioning

Laparoscopic HH repair is performed under general anesthesia. During the proce-
dure, patient lies in supine position. The beanbag mattress is useful especially when
using the reverse Trendelenburg position. Patient’s legs are positioned on stirrups
with knees flexed at 30 degrees. After inducing anesthesia, the anesthesiologist
inserts an oro-gastric tube to decompress the stomach. During the operation, the
surgeon’s position is between the patient’s legs with assistants on both sides of the
operating table (Fig. 7.4).

Trocar Placement

The operation is performed using 5 trocars. After abdominal cavity insufflation
using a Verres needle, trocar 1 is placed 14 cm below the xiphoid process in the
midline or slightly to the left. Trocar 2 is placed in the left midclavicular line at the
level of trocar 1. Trocar 3 for the liver retractor is placed in the right midclavicular
line at the level of trocar 1. Trocars 4 and 5 are placed under the costal margins on
the left and right side, and are used for the dissecting and suturing instruments
(Fig. 7.5).
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Fig.7.4 Patient and
personnel positions
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Dissection of the Hernia Sac and Mobilization
of the Esophagus

Traction is applied to the herniated stomach to reduce it below the diaphragm as
much as possible (Fig. 7.6).

The short gastric vessels are divided and the left pillar of the crus is reached. The
left crus approach reduces the risk of injury to an accessory left hepatic artery that
can occur if the dissection is started over the gastrohepatic ligament, with resultant
bleeding difficult to control (Fig. 7.7). The hernia sac is incised at the junction with
the left crus and an anterior and lateral mobilization of the esophagus is performed
(Fig. 7.8). Next the gastrohepatic ligament is divided at the pars flaccida above the
caudate lobe of the liver toward the right pillar of the crus, and the esophagus is
further dissected in the posterior mediastinum paying attention not to damage the
parietal pleura and the vagus nerves. A posterior window behind the esophagus is
then created, and a Penrose drain is placed around the esophagus, incorporating
both the anterior and the posterior vagus nerves. This maneuver facilitates exposure
to complete the dissection (Fig. 7.9). Dissection is continued in the posterior medi-
astinum circumferentially around the esophagus. During this part of the dissection,
it is important to avoid injury to the pleura and the vagus nerves. If proper dissection

Fig. 7.6 Paraesophageal
hernia

Fig.7.7 Dividing short
gastric vessels
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Fig. 7.8 Hernia sac
dissection

Fig. 7.9 Posterior window (a) and Penrose drain placement (b)

is performed, it is usually possible to have about 3 cm of esophagus below the dia-
phragm without tension. In our experience, a lengthening procedure is rarely
necessary.

Closure of the Diaphragmatic Crura

The right and left pillar of the crus are approximated behind the esophagus using
interrupted silk sutures. Suturing is performed by placing stitches at 1 cm intervals.
In some cases, when the hiatal defect is large, some stitches can be placed anterior
to the esophagus. The recurrence rate after laparoscopic PEH with cruroplasty is
significant [16-22]; however, in the majority of cases the recurrent hernia is asymp-
tomatic and small [22-24]. Some studies have demonstrated lower recurrence rates
after nonabsorbable mesh PEH repair compared with cruroplasty [25, 26]. At the
same time, the use of synthetic mesh has been associated with severe complications,
such as erosions through the esophageal wall, esophageal stenosis, and infections
[27, 28]. To avoid these complications, the use of biological materials has been
investigated [24, 29-32]. While a significant lower early recurrence rate 6 months
after the surgery was reported in the group of patients treated with mesh repair com-
pared to the group of patients who underwent cruroplasty (9% vs. 23%) [24], at
5-year follow-up the recurrence rate was similar in the two groups of patients (54%
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vs. 59%) [33]. Interestingly, both group of patients reported similar symptom
improvement and a reoperation was necessary in only 3% of cases regardless of the
technique used to close the hiatal defect. As literature shows that using mesh does
not reduce the recurrence rate, it is associated with long-term complications, and
implies high costs for the healthcare system, surgeons should not routinely use
mesh at the hiatus and consider its use only for a very selected group of patients.
Most likely patients with a giant PEH, redo operations, or cases where the tension-
free cruroplasty cannot be achieved are mostly benefited by the use of mesh
(Fig. 7.10).

Fundoplication

Fundoplication is the last step of the procedure. It both prevents gastroesophageal
reflux and works as a gastropexy. If the quality of peristalsis has been assessed and
found to be normal, a 360 degree fundoplication is performed over a 56—60 French
bougie [34]. But in elderly patients and when the manometry has not been per-
formed, a partial posterior fundoplication is the procedure of choice. Failure of the
closure of the crura and an anatomically incorrect wrap are the main reasons for
failure of antireflux surgery [35-37] (Fig. 7.11).

Fig.7.11 Nissen fundoplication (a) and partial posterior fundoplication (b)
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Introduction

Laparoscopic antireflux surgery (ARS) has become the gold standard for medically
refractory gastroesophageal reflux disease (GERD) since it was first introduced by
Dallemagne et al. in 1991 [1]. ARS also aids in eliminating the need for life-long
antisecretory medications, such as proton pump inhibitors (PPIs), and therefore
avoiding side effects such as osteoporosis, clostridium difficile infections, gastric
polyposis, and aspiration pneumonia. Though primary ARS has excellent safety and
outcomes, up to 10% of patients undergoing laparoscopic fundoplication will even-
tually require laparoscopic reoperative antireflux surgery (redo-ARS) [2]. A recent
study demonstrated this rate can be reduced to 4.5% at 15-year follow-up, in the
expert hands of an experienced foregut surgeon [3]. This is a testament to the fact
that primary ARS should become standardized, with careful deliberation given to
the appropriate operative approach for each individual patient population. Table 8.1
highlights the multitude of antireflux operations a foregut surgeon may choose to
perform, as well as the complexity of the decision-making process. Proper patient
and procedure selection can be a complex endeavor, with the lowest, most predict-
able outcomes generated by high-volume centers.

Reoperative gastroesophageal surgery after failed ARS can be one of the most
challenging procedures a surgeon will face. Redo-ARS is notoriously difficult with
higher complication rates and worse outcomes when compared to the primary oper-
ation, and requires a high level of laparoscopic surgical skills [4-7]. It is crucial for
the surgeon and the patient to come to an agreement on postoperative expectations
prior to embarking on revisional surgery, with a clear understanding that outcomes
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Table 8.1 Surgical options for primary antireflux, along with some notable complexities of the

decision-making process

Procedure Adjuncts and considerations Approach
Complete 360° Bougie size, length, number of sutures, Open,
fundoplication configuration (greater curvature to greater laparoscopic,
(Nissen) curvature, or anterior-posterior), adequate robotic
motility, viable fundus
Partial posterior 180° | Bougie size, crural or diaphragmatic pexy, Open,
Sfundoplication inadequate motility laparoscopic,
(Toupet) robotic
Fartial anterior 270° | Bougie size, concurrent esophageal myotomy Open,
fundoplication (Dor) for pseudoachalasia laparoscopic,
robotic
Posterior gastropexy Cardia calibration, avoid injury to aorta and Open,
(Hill) celiac axis laparoscopic,
robotic
Posterior plication Frozen abdomen, avoid injury to pericardium or | Open
(Belsey-Mark IV) pulmonary vasculature transthoracic,
thoracoscopic
Roux-en-Y Bypass vs. gastrectomy, total vs. subtotal, limb Open,
reconstruction length, pouch size laparoscopic,
robotic
Magnetic sphincter Minimal dissection technique vs. complete Laparoscopic
augmentation circumferential hiatal dissection, hiatal hernia
(LINX®) size
Transoral incisionless | Concomitant laparoscopic hiatal hernia repair Endoscopic
Sfundoplication (TIF)
Radiofrequency Low risk, no impact on future interventions Endoscopic
therapy (Stretta®)
Minimally invasive Conduit type and viability Abdominal,
esophagectomy (MIE) thoracic, cervical

are generally worse after redo-ARS than after the already-failed primary
ARS. Despite the technical challenges redo-ARS presents, more than 80% of
patients report satisfaction with their revision [7].

Causes of Fundoplication Failure

There are a multitude of reasons a primary ARS may have failed. Recognizing
these patterns of failure is crucial for the reoperative surgeon to produce a favor-
able outcome. Patients’ demographics and risk factors associated with failure
include morbid obesity, female gender, advanced age, chronic cough, hiatal her-
nia, concurrent esophageal dysmotility, initial atypical reflux symptoms, lack of
response to medications, and postoperative retching or dry heaving [8-13].
Surgeon technical errors that may contribute to failure of initial ARS involve
loose crural closure, low placement of the fundoplication, failure to gain ade-
quate intra-abdominal esophageal length, and configuring an extremely loose or
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tight fundoplication [7]. Typical intraoperative findings during revisional surgery
include, in order of likelihood, intrathoracic wrap migration, disruption of the
fundoplication, slipped fundoplication, and malpositioned or mis-calibrated
wrap [7]. Less commonly, patients with ongoing postoperative reflux can develop
a gastroesophageal stricture warranting revisional surgery. Awais, Luketich, and
colleagues reported recurrent hiatal hernia to be the most common cause of fail-
ure (64%) in a series of 275 redo-ARS, followed by short esophagus (43%),
misplaced wrap (16%), wrap being too loose or tight (14%), and wrap break-
down (4%) [14] (Figs. 8.1 and 8.2).

b c

Gastroesophageal
junction

Fig. 8.1 Patterns of fundoplication herniation. (a) GEJ and wrap herniate together above the dia-
phragm. (b) GEJ only is herniated above the diaphragm, while fundoplication remains intra-
abdominal. (c¢) Paraesophageal hernia

Fig. 8.2 (a, b) Intraoperative images of a perforated herniated fundoplication. The surgeons left-
handed suction device is retracting the fundus. The right-handed ultrasonic shear is pointing to the
left crus. A recurrent hiatal hernia with dense inflammatory tissue extending into the mediastinum
can be seen in the center of the image. (Image courtesy of Christy Dunst)



74 B. Parker and K. Reavis

Early Failure

Whether the primary antireflux operation failed early or late can be a valuable clue
in determining the underlying cause of the failure. Identifying the underlying cause
is important so that the same mistake is not made again during the revisional sur-
gery. Early failure is typically secondary to an unexpected stress applied to the
repair. Immediate nausea, retching, dry heaving, and coughing should be aggres-
sively controlled in the recovery room and continued to be treated prophylactically
during the immediate postoperative period. Patients should have assistance during
ambulation to prevent traumatic falls, and heavy lifting and straining should be
avoided to minimize intra-abdominal pressures. Patients should also be warned
against the risks of over-zealous oral intake in the immediate postoperative period.
Technical error is not a common cause of early failure at high-volume centers but
should always be considered part of the differential.

Dysphagia is a common complaint after ARS. If the patient is stable, it is wise to
allow several days for the postoperative edema to resolve. Intravenous steroids may
assist in this process. If the patient cannot manage their own secretions, the surgeon
should assume the fundoplication or hiatus is too tight, a hiatal hernia has recurred,
or that the patient’s esophageal motility is too weak to overcome the newly increased
distal esophageal pressure. An initial chest X-ray in the recovery room is sometimes
all that is needed to make the diagnosis (Fig. 8.3), though a contrast esophagram is
most helpful in making the diagnosis. If the anatomy appears normal, then physio-
logic dysphagia can typically be improved with endoscopic balloon dilation.
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Fig. 8.3 An A-P and Lateral chest Xray obtained in the immediate postoperative period showing
an acute recurrence of the hiatal hernia. Note the air fluid level above the diaphragm. The patient
was taken back to surgery for immediate repair
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If an anatomic derangement is discovered on immediate postoperative imaging,
the patient should return to the operating room for repair of the recurrent hiatal
hernia or revision of the fundoplication. If this is discovered several days postopera-
tively, it is best theoretically to wait approximately 3 months to undergo redo-ARS
to avoid the dense adhesions and inflammatory response seen during this portion of
the healing process. Should the surgeon unfortunately be forced to operate during
this period, a tedious dissection should be expected, with an increased risk of intra-
operative complications.

Late Failure

Late failure is generally defined as a patient who initially experienced good
postoperative results having return of symptoms more than 90 days after sur-
gery. Late failure is much more common than early failure. Reflux symptoms
are typically due to an anatomic breakdown of the hiatal repair or disruption of
the fundoplication, while dysphagia is usually secondary to scarring or twisting
at the hiatus. The average length of time between primary and redo-ARD has
recently been shown to be approximately 42 months [15]. Morgenthal et al.
report that despite a recurrence rate of approximately 32% at 10 years, most of
these patients are asymptomatic, and 93.3% of all patients state they would have
the procedure again [16, 17].

Presentation

The most common symptoms leading to reoperative antireflux surgery are recurrent
reflux, dysphagia, and regurgitation [7]. Return of reflux and heartburn, or atypical
symptoms of reflux such as chronic couch, hoarseness, or aspiration are the prevail-
ing symptoms when there has been a wrap disruption. Improvement of symptoms
after re-initiation of antisecretory medication can be a key clinical clue during the
patient interview. Dysphagia, noncardiac chest pain, and regurgitation occur more
frequently after recurrent hiatal hernia or crural stenosis. This can be seen also in
patients with complications from prior hiatal mesh placement. Good response to
endoscopic balloon dilation can be an important clinical indicator. Postprandial
bloating, early satiety, and irregular bowel movements should raise suspicion for
iatrogenic vagal nerve injury resulting in gastroparesis.

Approximately two-thirds of failure patients report recurrent or persistent reflux.
When analyzing this data, it is important to define failure, as it is widely accepted
that subjective symptoms often do not correlate with objective testing. In fact, stud-
ies show that abnormal pH-studies are found in only 23-39% of patients reporting
postoperative reflux symptoms [18]. Conversely, pathologic esophageal acid expo-
sure after fundoplication may not always be symptomatic. Hunter et al. reported that
13% of patients had abnormal routine pH-studies 12 weeks after laparoscopic fun-
doplication, but none of these patients reported reflux symptoms [19].
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Dysphagia occurs is approximately one-third of patients with failed
ARS. Dysphagia is more common after a complete 360 degree fundoplication when
compared to partial fundoplication [9, 20]. Oftentimes, patients who complain pri-
marily of dysphagia have no obvious cause on preoperative workup or intraopera-
tive exploration. For patients with ongoing symptoms with no underlying cause
after a complete physiologic and anatomic foregut workup, consider a psychologi-
cal evaluation to rule out psychosomatic disorders. For the above reasons, it is cru-
cial to establish regularly scheduled 24-hr pH monitoring as part of all patients’
postoperative follow-up protocol, with the addition of a more extensive foregut
workup for symptomatic patients, including endoscopy, barium esophagram, and
high-resolution esophageal manometry.

Workup

The complexity of redo-ARS requires a comprehensive evaluation of the patient to
determine the exact etiology of their symptoms and to determine candidacy for
certain revisional techniques. It is of utmost importance to obtain the operative note
from the primary surgery, with attention focused on the extent of dissection, status
of the vagus nerves, possible mesh placement, and configuration of the wrap. The
first diagnostic step in working up a symptomatic patient with prior ARS presenting
to your office is typically a contrast esophagram to outline the patient’s anatomy and
give some indication to the physiology of bolus transit.

Repeat esophagogastroduodenoscopy should be performed, ideally by the
operative surgeon, to identify the location of the gastroesophageal junction
(GEJ) and assess for hiatal hernia or esophagitis (Fig. 8.4). The

Fig. 8.4 Contrast
esophagram showing
recurrent hiatal hernia in a
patient with prior Nissen
fundoplication who
presented with nausea and
epigastric discomfort. Note
the presence of the
fundoplication above the
diaphragm. (Image
courtesy of Christy Dunst)
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Fig. 8.5 Endoscopic
retroflexed view of a
herniated wrap. The image
depicts an intact
fundoplication, tightly
adherent to the shaft of the
scope, which has migrated
above the diaphragm. The
crus is seen in the left
lower corner of the picture.
(Image courtesy of
Christy Dunst)

squamocolumnar junction (SCJ) should be characterized and biopsied. If the
patient had a previously placed mesh, it is imperative to assess for erosion,
which can be managed with endoscopic resection and expectant extrusion prior
to the redo-ARS (Fig. 8.5).

A 48-hour Bravo™ pH capsule or Restech™ Dx-pH sensor can be inserted
during this same endoscopic procedure to objectively test for pathologic esopha-
geal acid exposure and establish a baseline esophageal DeMeester or oropharyn-
geal RYAN Score for postoperative follow-up pH testing. Alternatively, the patient
can undergo catheter-based 24-hr pH monitoring. It is imperative to ensure the
patient is not actively taking antisecretory medications that may mask the results.
High-resolution esophageal manometry (HRM) is essential, as patients with
esophageal motility disorders such as achalasia who present with regurgitation are
unfortunately still misdiagnosed with GERD. HRM can also help guide the sur-
geon’s decision as to what type of fundoplication to perform. If the patient has
evidence of ineffective esophageal motility, a partial fundoplication may prevent
postoperative dysphagia. Patients who present with large paraesophageal hernias
may not be able to have manometry successfully performed, and if completed, the
results may be difficult to interpret. Figure 8.6 depicts the topography of a patient
with prior fundoplication, who has manometric evidence of a recurrent hia-
tal hernia.

If postprandial abdominal bloating is present, a nuclear medicine gastric empty-
ing study is helpful to assess for gastroparesis, which can occur after iatrogenic
injury of the vagus nerves during the primary procedure. If delayed gastric empty-
ing is discovered, the patient would likely benefit from a concurrent pyloroplasty or
decompressive gastrostomy tube.
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Fig.8.6 High resolution manometry of a patient with prior Nissen fundoplication, showing recur-
rent hiatal hernia. Note the presence of normal peristalsis, but two distal esophageal high-pressure
zones. (Image courtesy of Christy Dunst)

Surgical Options and Techniques

As previously mentioned, there are several techniques available for patients with
failure of ARS. Many of these options can be approached via the abdomen or trans-
thoracic, either open or laparoscopic, depending on surgeon preference. Robotic
assistance is also becoming part of many surgeons’ armamentarium. The most com-
mon surgical options include redo-fundoplication with the addition of a Collis gas-
troplasty or hiatal hernia repair as needed, conversion to Roux-en-Y (RNY)
gastrojejunostomy, or minimally invasive esophagectomy (MIE). With the advent of
newer antireflux procedures, such as the transoral incisionless fundoplication (TIF)
and the magnetic sphincter augmentation (MSA) device, revisional techniques have
also been established, and will be described later.

Redo-Fundoplication

Revisional fundoplication is the preferred surgical technique at many advanced
foregut centers for patients with prior failed ARS. Redo fundoplication is known to
be technically challenging and laborious, and for this reason, has historically
required a laparotomy or thoracotomy. As today’s surgeons have gained more
expertise in advanced laparoscopy, redo-fundoplication is now primarily completed
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via a laparoscopic approach, which offers superior visualization of the upper abdo-
men and mediastinum. The conversion rate from laparoscopy to open is approxi-
mately 1-2.5% [21, 22].

Technique

The patient isss placed supine or in lithotomy position with steep reverse
Trendelenburg. After careful access to the abdomen is gained, the pneumoperito-
neum is established. Perihepatic adhesiolysis is performed and a liver retractor is
placed. An energy device is used to transect the pars flaccida and the gastrohepatic
ligament, using the caudate lobe of the liver as a reliable landmark to begin the dis-
section. Dissection is carried toward the right crus taking care not to injure the
celiac artery pedicle or inferior vena cava, as there are often wrap adhesions in this
area and distorted tissue planes can mislead the surgeon. A previously placed mesh
can also produce a challenge in the dissection of the retro-esophageal window. If the
approach from the right crus seems too difficult, moving to the left crus is recom-
mended, using the greater curvature of the stomach as a reliable landmark to begin
dissection. The esophagus is circumferentially freed from all surrounding adhe-
sions, with special attention toward identifying and protecting the anterior and pos-
terior vagus nerves, if present. A Penrose drain placed around the GEJ can assist
with retraction. If a hiatal hernia is found, the recurrent hernia sac, if one has
reformed, is reduced and excised. Extensive mediastinal dissection is performed,
freeing the intrathoracic esophagus at least 5 cm above the hiatus, ensuring ligation
of any penetrating arterial branches from the aorta. The previously created wrap is
taken down by cutting the gastro-gastric sutures with an ultrasonic shear or laparo-
scopic scissors. The epiphrenic fat pad is then excised. Adequate intra-abdominal
esophagus is then ensured to be at least 2-3 cm in length without applying traction.
At this juncture, the need for an esophageal lengthening procedure via wedge fun-
dectomy is assessed.

Crural repair is then completed with permanent suture in a sequential horizontal
mattress fashion, with the option of adding an onlay mesh for reinforcement to the
cruroplasty. If undue tension is present, a diaphragmatic relaxing incision with inlay
permanent mesh patch closure may be required. Lowering the pneumoperitoneum
during hiatal closure can also be a useful adjunct. The short gastric vessels are then
ensured to be properly ligated, and the new fundoplication is created. Intraoperative
impedance planimetry with EndoFLIP® can also be useful to act as a “smart” bou-
gie during the formation of the fundoplication to measure the length and distensibil-
ity of the wrap (Fig. 8.7) [23]. Whether a complete or partial fundoplication is
performed should be dependent on each patient’s clinical scenario, symptoms, and
preoperative high-resolution manometry. In general, complete fundoplication is
performed for reflux and hiatal hernias, while partial fundoplication is chosen for
patients with preoperative dysphagia. Many surgeons perform intraoperative upper
endoscopy to rule out underlying mucosal injury or perforation via an air insuffla-
tion test, as well as to inspect the quality and configuration or the wrap. A transhiatal
closed suction drain is typically left at the end of the procedure.
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Fig. 8.7 The functional lumen imaging probe balloon catheter (EndoFLIP®) before (left) and
after (right) fundoplication. Sixteen impedance planimetry sensors measure a distensibility index
to help guide the creation of the wrap. An elongated hourglass appearance depicts a properly
formed fundoplication. Note the absence of overt stenosis or high pressurization. (Image courtesy
of Christy Dunst)

Hiatal Hernia Repair with Mesh Reinforcement

It is the author’s practice to always use an onlay bilayered fully resorbable mesh for
complex hiatal closures (Fig. 8.8). This can be secured to the crura with either lapa-
roscopic sutures or laparoscopic tacks. If tacks are used, care is taken to avoid injury
to the IVC, aorta, or pericardium. A study of 26 patients with previous mesh cruro-
plasty, undergoing redo-ARS, reported a recurrent hiatal hernia rate of 70% [15]. It
should be noted that nearly half of these patients had biologic mesh placed during
the primary operation, which is known to have high recurrence rates.
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Fig. 8.8 (a, b) Placement of an absorbable onlay mesh, incorporated into the cruroplasty closure
with permanent suture. The final hiatal suture is secured after Bougie is removed. (Image courtesy
of Christy Dunst)

Fig.8.9 Collis
gastroplasty completed
with an articulating linear
cutting stapler, to obtain
>3 cm intra-abdominal
neo-esophageal length.
The stapler is placed
tightly alongside a bougie
dilator to prevent a
proximal dog ear, which
can lead to the formation
of a postoperative
epiphrenic diverticulum.
(Image courtesy of
Christy Dunst)

Collis Gastroplasty for the Short Esophagus

Axial tension is a major contributor to recurrent hiatal hernia, the leading cause of
failed primary ARS. Short esophagus has been estimated to be present in 21-43%
of patients undergoing redo-ARS [14, 24]. Due to the prevalence of the short
esophagus and the high rate of recurrent hiatal hernias, it is necessary for the
reoperative surgeon to have a low threshold to tubularize the stomach and create
a neoesophagus in order to gain adequate intra-abdominal length. One study
showed that patients with a short esophagus and prior failed ARS reported better
subjective symptoms resolution and satisfaction scores after Roux-en-Y recon-
struction versus redo-fundoplication with Collis gastroplasty (Fig. 8.9). It should
be noted that this study actually reported no difference in objective outcomes and
a lower complication rate in the subset of patients undergoing redo-fundoplication
and Collis gastroplasty [25].
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Diaphragmatic Relaxing Incision

Radial tension is also a major component of recurrent hiatal hernia and failure of
antireflux operations. Redo-ARS notoriously have scarred, fibrotic crura that will
not easily oppose one another. If the cruroplasty seems to have undue tension, the
best way to control this is via a diaphragm-relaxing incision. Covering a tight repair
with an onlay mesh will not offload the radial tension on the crus, and therefore
large defects with high radial tension should not be considered an indication for
mesh placement. The right diaphragm should be the first option for making a relax-
ing incision, as this is easier to perform. If full-thickness incision of the right dia-
phragm between the IVC and right crus does not gain adequate relief, then a
left-diaphragm relaxing incision should be made. Diaphragmatic defects are then
patched with a permanent inlay mesh. It is important to leave an adequate cuff a
diaphragm along the IVC for successful patch closure (Fig. 8.10).

Roux-en-Y Gastrojejunostomy

Morbid obesity has been shown in most studies to be an independent risk factor for
the development of GERD, as well as for failure of ARS [26-28]. However, there is
some evidence to also support equivalent outcomes between obese and nonobese
patients undergoing primary ARS, raising concern for publication bias [29]. There
is clear evidence in the bariatric literature to show that GERD improves after RNY
gastric bypass [28, 30]. Knowing this, there has been an increasing trend to convert
prior failed fundoplications to a Roux-en-Y gastrojejunostomy (RNY), particularly
in patients with morbid obesity, as the procedure not only improves reflux by
bypassing or eliminating gastric-acid-producing cells, but also offers additional
health benefits seen with weight loss. Additionally, RNY is gaining traction as the
preferred technique for patients with prior failed ARS and concomitant gastropare-
sis, esophageal dysmotility, intraoperative gastroesophageal injury during redo-
ARS, or many previous foregut procedures. In cases of extremely distorted

Fig.8.10 Full thickness
right diaphragmatic
relaxing incision to offload
radial tension on the
cruroplasty. Care is taken
to avoid injury to the IVC,
which is behind the
surgeons left-handed
grasper in this image.
(Image courtesy of
Christy Dunst)
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postprocedural anatomy, or in the event of gastric cardia or distal esophageal injury,
a total gastrectomy with RNY esophagojejunostomy is offered. Interestingly, Kent
et al. demonstrated improved outcomes with RNY as the primary surgery for
patients with scleroderma and severe esophageal dysmotility [31]. In general, if
patients with two or three prior failed ARS present with severe recurrent foregut
symptoms not amenable to endoscopic therapy, an RNY or total gastrectomy should
be offered [32, 33].

Converting to an RNY has shown to be effective in nearly 93% of patients, with
high subjective patient satisfaction scores [2]. There is also great objective evidence
to support this technique in the morbidly obese, with DeMeester scores demon-
strated to decrease from approximately 57—12.5 after revisional RNY [3]. One con-
cern with RNY becoming the procedure of choice is the high complication rate
published in the literature, ranging from 21% to 46% [7]. The anastomotic stricture
rate can approach 28%, and this is likely due to the relatively small pouch created
during RNY, and the resultant ischemia from the many prior foregut surgeries this
patient population undergoes. Luckily, most of these strictures can be successfully
managed with endoscopic dilation [34]. Mittal et al. concluded that despite the
higher postoperative complication rate, patients with more complex foregut pathol-
ogy benefit more from conversion to an RNY reconstruction rather than redo-
fundoplication, as evidenced by higher one-year postoperative satisfaction scores
[25]. However, one must remember that with this technique comes the accepted
long-term risk of dumping syndrome, nutritional deficiencies, internal hernia, mar-
ginal ulcer, afferent limb syndrome, and bacterial overgrowth, which are not typi-
cally seen after redo-fundoplication.

Technique

After gaining abdominal access and establishing pneumoperitoneum, the right
crus is identified, and dissection is carried out in a clockwise direction until the
left crus is identified. The previous fundoplication is circumferentially freed from
the hiatus and any adhesions. If the vagus nerves are still intact, these are identi-
fied and protected. If any remaining short gastric vessels are present, these are
then ligated with a bipolar device or an ultrasonic scalpel. The previous wrap is
completely deconstructed and the GEJ is identified. Alternatively, the previous
fundoplication can be left in place and the stomach can be transected just distal to
this. The short gastric vessels are ensured to be adequately transected. An endo-
GIA linear cutting stapler is used to create a gastric pouch, ensuring to preserve
the left gastric artery. Creating a small 5-10 cm pouch is extremely important to
ensure no acid-producing parietal cells remain in direct communication with the
esophagus. There is debate whether to leave to remnant stomach in place or per-
form a subtotal gastrectomy. Leaving it in place offers the benefit of a simpler
procedure and reserving a gastric conduit in the event an esophagectomy is
required in the future. The omentum is divided with an energy device to decrease
tension on the anastomosis. The RNY reconstruction is then created with a >50 cm
biliopancreatic limb to minimize the risk of bile reflux and a >100 cm alimentary
limb in an ante-colic fashion. The antimesenteric gastrojejunal anastomosis and
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jejunojejunostomy are created with an endo-GIA stapler, and the common enter-
otomies are closed with intracorporeal suturing. Stapling of the common enterot-
omy between the jejunojejunostomy can also be used.

Minimally Invasive Esophagectomy

Minimally invasive esophagectomy (MIE) is typically considered the last resort for
patients with severe esophageal dysmotility and previously failed ARS, or in patients
who develop esophageal pathology following several previously failed ARS such as
a long esophageal stricture not amenable to dilation or pseudoachalasia with mas-
sive esophageal dilation. It is also a bail-out strategy in the event that the GEJ cannot
be reconstructed. Reoperative intervention in patients with mesh at the hiatus is
associated with a higher need for esophageal resection [15]. Managing the anatomic
and physiologic complexities in these patients can be quite challenging, and indica-
tions for up-front esophagectomy are still debated. An alternative rescue procedure,
known as the Meredino procedure, as recently been proposed for patients with many
prior failed fundoplications. It involves resection of the gastroesophageal junction
with jejunal interposition. A 2018 series of 12 patients undergoing this alternative
technique found high postoperative complication rates (67%), with 25% of patients
ultimately requiring conversion to an RNY within 12 months [35]. At this time, the
Merendino procedure does not appear to be a viable surgical strategy for redo-ARS
for the majority of patients.

Technique

There are many MIE techniques, each with its own advantages and disadvan-
tages. This procedure is technically demanding, requires a significant learning
curve, and should be performed only by experienced surgeons at high-volume
centers. MIE can be done with a combination of laparoscopic, thoracoscopic,
or robotic approaches. Each technique is safe and efficacious, and the preferred
approach depends on surgeon or institutional preference. The two most popular
approaches for benign foregut disease are the transhiatal approach and the
Ivor-Lewis technique. The transhiatal approach involves an abdominal and left
cervical incision with the anastomosis placed in the left neck. This technique
does not require single-lung ventilation and only supine positioning. The place-
ment of the anastomosis outside of the chest has a theoretical advantage of
decreasing the morbidity of anastomotic leaks. It is a great option for benign
disease of the GEJ and patients with poor pulmonary function. The transtho-
racic Ivor Lewis technique involves an abdominal and right thoracic approach
with a right chest anastomosis. Patients require single-lung ventilation and
typically require both supine and left lateral positioning. Avoiding a neck inci-
sion leads to decreased recurrent laryngeal nerve injury compared to other
techniques. This approach also allows for better lymph node harvest in achala-
sia patients who have developed squamous cell carcinoma. Lastly, the three-
incision McKeown technique requires right thoracic, abdominal, and left
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cervical incisions with a left cervical anastomosis. This approach allows for
greater length of proximal resection and is typically reserved for proximal
malignant disease.

Reoperative Antireflux Surgery After Prior Transoral
Incisionless Fundoplication

The transoral incisionless fundoplication (TIF) procedure is a popular technique for
the endoscopic treatment of GERD and is generally very well tolerated with mini-
mal side effects. TIF uses the EsophyX device (EndoGastric Solutions, Inc.,
Redmond, WA, USA) to create a full-thickness partial fundoplication with perma-
nent T-fasteners between the stomach and the esophagus. If the wrap becomes dis-
rupted, the patient develops a hiatal hernia, or the patient experiences post-procedural
reflux, redo-ARS is often necessary.

A systematic review of 559 patients undergoing both early (TIF1) and newer
(TIF2) versions of the TIF procedure demonstrated that 7.2% of these patients
underwent laparoscopic revision to a fundoplication at median 9.5-month follow-up
[36]. A subsequent single institutional prospective study of 165 patients undergoing
TIF reported that 15% of patients required redo-ARS [37]. Out of this patient popu-
lation, 28 patients underwent revision of TIF to laparoscopic fundoplication, with
no reported intraoperative or postoperative complications at median 14 month fol-
low-up. This evidence suggests that the laparoscopic dissection and reconfiguration
of the gastric fundus can be performed safely after TIF, as only 14% of the revised
patients had dense adhesions [37]. It is still unknown how revisional fundoplication
after TIF affects GERD long term, as postoperative pH testing was not reported in
these patients. One study did report that after 15 patients with failed TIF underwent
successful redo-ARS, 33% did report troublesome postoperative dysphagia. It
should be noted that these authors did not use a bougie to calibrate the fundoplica-
tion [38].

During revisional surgery, it is important to note that the left crus can oftentimes
be included in the T-fasteners, and this should be considered when performing revi-
sional surgery to ensure the surgeon is operating in the right dissection plane. The
T-fasteners should not be pulled out to avoid injuring the mural tissue; rather they
should be cut and left to fall into the lumen. This is of supreme importance to
decrease the risk of perforation or postoperative abscess formation. There is also a
theoretical risk of the T-fasteners leading to traction diverticulum of the distal
esophagus. The surgeon should be aware of this potential during hiatal dissection to
avoid esophageal injury. Additionally, if during dissection, the fundus is found to be
fused with the esophageal wall, it may be best to leave this intact and simply roll the
wall of the stomach over the fused portion and incorporate it into the fundoplication
[37]. Whether to perform a partial or complete fundoplication should be guided by
the severity of the disease, as severe reflux is best treated with complete fundoplica-
tion, though patients with mild to moderate disease may do better with partial fun-
doplication to prevent dysphagia.
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Reoperation After Failed Magnetic Sphincter Augmentation

Laparoscopic insertion of a magnetic sphincter augmentation (MSA) device, com-
monly known as the LINX® Reflux Management System (Torax® Medical, Inc.
Shoreview, MN), has become a popular alternative to laparoscopic fundoplication.
Although the placement of this circumferential foreign body at the gastroesopha-
geal junction (GEJ) was initially met with concern for erosion similar to the bariat-
ric gastric band, it has since been shown to be safe and effective [39-41]. Despite
good evidence supporting its use, some MSA devices will inevitably require
removal.

Most patients who require explantation experience dysphagia, followed by
objective persistent or recurrent reflux, or food impaction. If a concurrent hiatal
hernia repair was performed during the initial operation, it is plausible that a
patient’s dysphagia may be due to a tight crural closure rather than a constricting
device, and this can often be improved with serial endoscopic balloon dilations.
Recurrent or persistent reflux could be due to progressive or recurrent hiatal hernia,
or due to the device being placed low on the stomach. These differentials should be
evaluated with preoperative imaging prior to offering a patient LINX removal
surgery.

Studies thus far report the rate of MRS device removal to range between 1.1%
and 6.7% [42-44]. Erosions occur in 0.15-1.2% of patients [42, 43]. If a patient
develops intraluminal erosion, they should be offered LINX removal. Patients
who experience erosion can have the device removed endoscopically, due to the
fibrotic capsule formed around the device after placement. This is done by cut-
ting the wire with endoscopic scissors and pulling back on the wire with endo-
scopic forceps. Alternatively, laparoscopic removal is accomplished by using
monopolar energy to open the fibrotic capsule, cutting the wire with laparoscopic
scissors, and gently applying upward traction on the beads while continuing to
free the capsule (Fig. 8.11). If the patient is having the MSA device removed for
ongoing reflux, then a subsequent fundoplication is beneficial. For hiatal hernias,
it is at the surgeon’s discretion whether to repair the hiatal hernia and replace the

Fig.8.11 (a, b) Laparoscopic removal of a LINX® device. Monopolar energy is used to free the
beads from the surrounding fibrotic capsule, taking care not to injure the underlying esophagus. An
enlarged hiatal defect can also be seen in the background. (Image courtesy of Christy Dunst)
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MSA device or perform a fundoplication. If the indication is dysphagia, some
surgeons contend that no further ARS is required, due to the inflammatory
response caused by the foreign body. For perforations, Graham patch closure
only is typically indicated [45].

Outcomes

In general, intraoperative complications are higher during laparoscopic surgery, and
postoperative complications are higher after open surgery. Redo-ARS carries an
overall complication rate ranging from 9.7% to 24% [46]. Furnee et al. demon-
strated the intraoperative complication rate from redo-ARS to be approximately
21.4%. The most common intraoperative complications were iatrogenic perforation
(13.1%) and lacerations of the liver or spleen resulting in significant bleeding
(1.9%), though the postoperative leak rate was just 1.5% [47]. A 2015 analysis of
several studies monitoring objective outcomes after redo-ARS reported over 80% of
patients to have normal acid exposure on pH monitoring or lack of esophagitis on
endoscopy [7]. A recent prospective study of 46 patients showed a significantly
improved Gastroesophageal Reflux Symptom Scale (GERSS) and Gastroesophageal
Reflux Disease Health-Related Quality of Life (GERD-HRQL) scores at median
16.5 months after redo-LARS. Additionally, 82% of these patients reported satisfac-
tion with their operation, and 96% stated that they would undergo the redo-ARS
again if given the choice [46].

Studies suggest the rate of a second failed ARS necessitating a third operation to
be approximately 11% at median 3.3 years follow-up [14]. It has been suggested
that while revisional third and even fourth time ARS is possible, positive outcomes
decrease by approximately 20% after each redo surgery [46]. Signhal et al. grouped
940 patients into four groups including primary ARS, first reoperative, second reop-
erative, and greater than three reoperative ARS groups. In their study, conversion to
laparotomy, conversion to RNY, operative time, blood loss, visceral perforation,
postoperative leak, and vagal injury all significantly increased with each subsequent
revisional surgery [48]. This study also reported a progressive decline in patient-
reported satisfaction with each redo intervention. These conclusions certainly reflect
the increased risk and surgical difficulty encountered by the surgeon with each sub-
sequent redo and are excellent data to consider when weighing surgical options for
patients who present in your office with failed ARS.
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Motility Disorders: Workup
and Evaluation

Samuel Szomstein, Alejandro Cracco,
and Jose Melendez-Rosado

Introduction

The esophagus is tubular muscular structure composed of striated and smooth mus-
cle, which propels food from the mouth to the stomach through an orchestrated
combination of peristaltic contractions and muscle relaxation [1]. It can be divided
anatomically into the upper esophageal sphincter, esophageal body, and lower
esophageal sphincter (LES). Motility disorders of the esophagus usually affect the
body and LES. The main function of the LES is the prevention of reflux of gastric
contents to the esophagus. In its resting state, the LES is in a tonic contraction, and
when swallowing occurs, it relaxes to allow passage of the food bolus into the stom-
ach. This complex coordination of muscles is driven by the innervation of the vagus
nerve that arises from the dorsal motor nucleus and nucleus ambiguous in the brain
stem communicating directly with the myenteric plexus within the esophagus [2].
Excitatory and inhibitory neurotransmitters such as acetylcholine and nitric oxide,
respectively, are released into the neuromuscular junction causing either muscle
contraction or relaxation, stimulating peristaltic contraction [3, 4]. Failure of any of
these components can result in ineffective propulsion of the food bolus and conse-
quently patient will present with a variety of symptoms, predominantly dysphagia.

Although radiographic and endoscopic information is important as part of the
workup for esophageal motility disorder, the gold standard test is the use of high-
resolution manometry (HRM). HRM consists of a probe that is introduced through
the nostril down the gastroesophageal junction (GEJ). This probe contains multiple
sensors that measure pressures, from the upper esophageal sphincter to the
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Fig. 9.1 Normal color
pressure topography on
high-resolution manometry

GEJ. Once in position, the patient is asked to swallow 5 mL of water in 10 different
swallows. The coordination and degree of pressure throughout esophagus give rise
to a color pressure topography plot that allows physicians to distinguish different
types of esophageal motility disorder (Fig. 9.1). The color pressure topography is
further breakdown to measure different manometric parameters such as integrated
relaxation pressure (IRP) that measures relaxation of LES, distal latency (DL), and
contractile front velocity (CFV) that measures peristaltic propagation, and distal
contractile integral (DCI) that measures the contractile force. In 2015, the
International HRM Working Group releases The Chicago Classification v3.0 (CC),
which is the most updated version to classify esophageal motility disorders [5]. It
utilizes a hierarchical diagnostic approach, categorizing disorder into (1) disorders
of esophagogastric junction (EGJ) outflow that includes achalasia and EGJ outflow
obstruction; (2) major disorders of peristalsis, which include diffuse esophageal
spasms (DES), Jackhammer esophagus (JHE), and absent contractility; (3) minor
disorders of peristalsis, which include ineffective motility and fragmented peristal-
sis (FP). The findings of some of the different esophageal motility disorders will be
explained in this chapter.

Achalasia

Achalasia is a disease that results from destruction of myenteric neurons and agan-
glionosis in the esophagus [4]. Currently, the evidence points to an autoimmune
phenomenon causing inflammation in the esophageal myenteric plexus, and
although viral infections have been suggested as possible triggers, evidence is still
mixed in this regards [6, 7]. This neuronal damage causes an imbalance between the
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inhibitory and excitatory hormones; however, in achalasia the predominant patho-
physiologic mechanism is an absent or abnormal inhibitory innervation of the LES,
which causes a failure of the LES to relax appropriately in the process of deglutition
[8]. Over time patient will have progressive dilation of the esophagus and abnormal
peristalsis. Over time chronic changes such as megaesophagus, tortuous esophagus,
and angulation may be seen. Overall, the disease is rare; however, recent studies
have noticed an increase in incidence with rates as high as of 1.6/100,000 per year
[9]. The peak incidence is between 30 and 60 years of age. It is unclear if this
increase in incidence is because of more awareness of the disease, better access to
health care, and diagnostic tools.

Symptoms

The most common symptom achalasia patient present with is dysphagia. This is
typically to solids and liquids, which distinguish a motility disorder from an ana-
tomical cause, where dysphagia to solids is more predominant [10]. Another pre-
dominant symptom that may mimic gastroesophageal reflux disease (GERD) and
that occurs in up to 75% of patients is heartburn [11, 12]. Heartburn in achalasia
patients is not associated with the typical GERD, but from bacterial fermentation of
retained food in the esophagus due to poor esophageal clearance [13]. Noncardiac
chest pain, which can also be seen in GERD, is reported in about 60% of patients
with achalasia particularly in young patients [14].

Given that achalasia can be misdiagnosed because of these overlapping symp-
toms, and if chest pain is encountered, a full cardiac evaluation should be consid-
ered in elderly patients and those with risk factor for coronary artery disease [15]. If
heartburn is a presenting symptom, particularly in those patients who have failed a
trial of proton pump inhibitors and have had a negative endoscopic evaluation,
HRM should be considered [16].

Diagnosis

The diagnosis of achalasia is suspected on the basis of symptoms and is further
confirmed by imaging and manometric studies. The first diagnostic evaluations in
patients with suspected achalasia should be an esophagogastroduodenoscopy
(EGD). EGD with detailed inspection of the esophageal mucosa and gastric cardia
on retroflexion is essential to rule out other obstructive processes that may cause
dysphagia such as esophageal strictures, severe esophagitis, eosinophilic esopha-
gitis, or malignancy. On EGD, patients with achalasia will have a dilated and
often tortuous esophagus with mild resistance in the LES. They may also have
retained saliva, liquid or undigested food in the esophagus, and candida esophagi-
tis because of food stasis. In cases where there is an increase in risk for aspiration
pneumonia, endotracheal intubation to protect the airway may be needed
prior to EGD.
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Fig. 9.2 Bird beak sign on
barium esophagogram

Barium will demonstrate the classic radiologic finding of a dilated esophagus
and a smooth tapering of the LES that gives the classic appearance of a “Bird’s
beak” representing impair relaxation of LES [17] (Fig. 9.2). Although this is very
characteristic for achalasia, another possibility can be pseudoachalasia from esoph-
ageal cancer or gastric cardia tumor. This should be suspected when patients have
advanced age, short duration of symptoms, considerable weight loss, and difficul-
ties to pass EGD through the GEJ [18]. In these cases, any abnormal mucosa in the
lower esophagus should be biopsy and cross-sectional imaging such as computed
tomography scan of the abdomen and/or endoscopic ultrasound should be consid-
ered. Other rare cause of pseudoachalasia is the use of laparoscopic adjustable gas-
tric band for the treatment of obesity and a tight Nissen fundoplication [19, 20].

Timed barium esophagogram is an imaging technique to asses esophageal clear-
ance of barium after therapy for achalasia [21]. It involves measuring the width and
height of barium column at 1, 2, and 5 minutes after ingestion of barium before and
after therapy. A <50% improvement on barium height has been associated with lack
of symptomatic improvement [22].

HRM is the gold standard test to confirm the diagnosis of achalasia. This tech-
nology is able to distinguish three different subtypes of achalasia, type I, II, and III
[5] (Fig. 9.3). Although the subtypes have different characteristics on HRM, they all
share a fundamental abnormality, which is failure of LES relaxation and esophageal
body dysmotility. Failure of LES relaxation gives an IRP >15 mmHg on HRM. Type
I is characterized by aperistalsis of the body of esophagus, type II by pressurization
of the body of the esophagus, and type III by a rapidly propagated esophageal pres-
surization attributable to spastic contractions. It is essential to differentiate the three
subtypes of achalasia as they may have different outcomes depending on the treat-
ment [23, 24].
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Fig. 9.3 Subtypes of achalasia

Esophagogastric Junction Outflow Obstruction (EGJO)

This disorder describes a subgroup of patients in which HRM noticed to have
incomplete relaxation of the LES, with preserved peristalsis, therefore not meeting
the criteria for achalasia [25]. Previously this disorder was also known as LES
disrelaxation or functional obstruction and it has been suggested to be caused by
infiltrative diseases, or a variant or incomplete onset of achalasia [26, 27].

Symptoms

Clinically, this disorder may present with similar symptoms as achalasia. However,
it has been noted that some patients with symptoms responded to achalasia treat-
ment, whether in others their symptoms disappeared spontaneously or were not
related to outflow obstruction [26, 27]. Therefore, subsequent diagnostics tests
should be used to identify true EGJO obstruction from incidental elevated IRP pres-
sures [28].
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Diagnosis

Similar to achalasia, EGJO obstruction will have an IRP >15 mmHg; however, they
may have sufficient peristalsis in the body of the esophagus to not meet criteria for
achalasia based on HRM [5]. It is important to perform the HRM off opioids as this
medications can cause a LES dysfunction and have a similar manometric finding to
EGJO obstruction and achalasia type III [29]. If opioids-induced LES dysfunction
is on the differential diagnosis, then a priority should be to discontinue the medica-
tion as this findings may be reversible [30].

Diffuse Esophageal Spasm (DES)

DES is a hypermotility disorder characterized by repetitive and simultaneous pre-
mature contractions of the esophageal musculature [31]. The etiology of this rare
disorder is unclear, but appears to be related to a defective inhibitory reflex and
spontaneous contractions generated by independent discharges of acetylcho-
line [32].

Symptoms

Chest pain is a characteristic symptom of DES. In many occasions, chest pain is
confused as pain of cardiac origin as it also may radiate to the jaw, and upper
extremities. It is also frequently associated with dysphagia and regurgitation [33].

Diagnosis

Barium esophagogram can be suggestive of DES with the classic finding of simul-
taneous, lumen obliterating contractions of the circular muscle giving the appear-
ance of “corkscrew” esophagus [34]. Despite this classic finding, these contractions
can be intermittent and not always present at the time of evaluation. The gold stan-
dard diagnostic evaluation is HRM. Given that premature contraction can be seen in
normal subjects, the CC has established that this abnormality has to be present
>20% (DL <4.5) to make a diagnosis [5, 35].

Jackhammer Esophagus (JHE)

JHE is a rare hypercontractile condition of the esophagus with unclear etiology.
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The hallmark of this condition is a DCI >8000 mmHg/cm/sec in >20% swallows on
HRM [5] (Fig. 9.4). Isolated increased wave amplitude contractions was not always
associated with symptoms, and could also be found in healthy asymptomatic
patients [36]. This led to the introduction of DCI as a new parameter to measure the
vigor of the peristalsis. A DCI >8000 mmHg/cm/sec is typically associated with
symptoms, and a positive response to achalasia treatment. Multipeaked contractions
were not associated with more symptoms or improved symptoms after treatment
[16, 37]. The terms hypertensive peristalsis and nutcracker esophagus are not
described anymore in the latest CC and have been replaced by the term Jackhammer
esophagus [5].

Symptoms

The most common symptoms in patient with JHE are dysphagia (47%), noncardiac
chest pain (29%) and cough, heartburn, and regurgitation (24%) [38]. Noncardiac
chest pain is associated with higher DCI with average of 17,245 mmHg x s x
cm [38].

Absent Contractility

Absent contractility is a motility disorder characterized by normal EGJ relaxation
(IRP <15) with 100% absent peristalsis [5] (Fig. 9.5). Achalasia should be consid-
ered when IRP values are borderline and when there is evidence of esophageal
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Fig. 9.5 Absent i
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pressurization [5]. Although esophageal motor function is heterogeneous in
patients with systemic scleroderma, absent contractility is the most common find-
ing seen in 56% of patients [39]. This condition should be suspected when in addi-
tion to absent contractility they have associated hypotensive LES. Other systemic
manifestations of the disease such as GERD, skin fibrosis, telangiectasias, sclero-
dactyly, Raynaud’s disease, or pulmonary hypertension should prompt appropriate
workup [40].

Clinical relevance of absent contractility is still not clear; however, it is important
to rule it out when considering fundoplication procedures, due to the likelihood of
this patients developing dysphagia afterwards [28].

Minor Disorders of Peristalsis

Minor disorders of peristalsis include ineffective esophageal motility (IEM) and
fragmented peristalsis (FP) in the most updated version of the CC [5]. IEM is diag-
nosed when >50% of patients have a DCI measurement of <450 mmHg. This disor-
der can be seen in up to 50% of patients with GERD [41]. Although its clinical
significance is unclear, this should be taken into consideration when evaluating a
patient for antireflux surgical procedures. FP is diagnosed when at least 50% of
contractions are fragmented which can be seen as area of lower pressure on
HRM. Pressure breaks in HRM may be observed in symptomatic and asymptomatic
patients [42]. Although the significance of small pressure breaks in the isobaric
contour may be discounted, large breaks might be clinically relevant, and may be
related to GERD [42]. The clinical significance of minor disorders of peristalsis is
unclear.
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Provocative Tests

The use of complementary provocative tests may be necessary for the diagnosis of
esophageal motility disorders. The conventional use of ten 5 ml water swallows may
not trigger abnormal findings of HRM [43]. Therefore, provocative tests using mul-
tiple rapid swallows and solid swallows may increase the sensitivity of the study
[44—46]. The use of multiple rapid swallows consists in five swallows after the
direct injection in the patient’s mouth of 3 ml of water in 2-3-second intervals. The
absence of smooth muscle contractions during the swallows followed by a strong
contraction at the end of the swallow will typically be observed in the pressure plot
[47-49]. Abnormal tests were found in 67% of patients with esophageal symptoms
and normal findings on single swallows [28]. Solid swallows may be used as part of
provocative testing. They are performed using 1 cm? bread swallows. Clinically,
these tests are difficult to analyze because it generated complex pressure patterns
and the food blouses are not transported in one single swallow. However, abnor-
malities detected during this test that trigger patient’s complaint would provide
direct pathophysiology for their symptoms [28].

Postsurgical Assessments

Patients with previous surgeries to the esophagus have an alteration of the normal
anatomy, thereby changing the physiology and manometric findings in this popula-
tion. For this reason, the presentation of new or recurrent symptoms in patients
previously treated for esophageal disorders may be challenging.

In patients with fundoplications, there is an alteration of the distal high-pressure
zone (DHPZ). The DHPZ corresponds to an area of 3—4 cm in the distal esophagus
that acts as the antireflux barrier, and includes the LES and the crura of the dia-
phragm [50]. Identifying the strength of the DHPZ and its relation to the LES is
useful information. LES complex HRM findings have been found to correlate well
with anatomical status of the fundoplication [51]. An elevated DHPZ at the level of
the LES are the normal expected findings after a wrap. An elevated single DHPZ at
the LES with low pressure and normal relaxation suggests disrupted plication, while
with high pressure and incomplete relaxation it suggests twisted fundoplication.
The presence of dual DHPZ indicates inappropriate position of the wrap [50].

In achalasia, successful treatment can be observed by a loss of the DHPZ, and
may show failure of treatment if there is a persistent high basal LES pressure [50].
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Motility Disorders and High-Resolution Manometry

Version 3.0 of the Chicago Classification (CC) of esophageal motility disorders, last
updated in 2014, categorizes esophageal motility disorders using high-resolution
manometry (HRM) with color pressure topography plots. The evaluation of HRM is
based on the analysis of ten 5-ml swallows performed in the supine position, on
patients without prior surgery affecting the esophagus or esophagogastric junction
(EGJ) [1]. Using HRM, CC version 3.0 uses a tiered approach to define disorders of
esophageal motility. It includes disorders of esophagogastric junction outflow, other
major disorders of peristalsis, and minor disorders of peristalsis.

Disorders of the esophagogastric junction are further divided into achalasia (with
subtypes I, I1, and III), and EGJ outflow obstruction. Other major disorders of motil-
ity include absent contractility, distal esophageal spasm, and hypercontractile
esophagus. Minor motility disorders, which are characterized by impaired esopha-
geal bolus transit, are ineffective esophageal motility and fragmented peristalsis [1].

Evaluation of certain parameters of HRM correspond to esophageal physiology
and enable the practitioner to make a diagnosis. Key parameters are described below.

1. Contractility is determined through the parameter distal contractile integral
(DCI). This is a calculation that includes the amplitude, time, and length of the
peristaltic wave. DCI classifies waves as failed (DCI <100 mmHg/s/cm), weak
(DCI 100450 mmHg/s/cm), ineffective (failed or weak), normal (DCI
450-8000 mmHg/s/cm), or hypercontractile (DCI >8000 mmHg/s/cm).

2. Distal latency (DL) is the timeframe of the peristaltic wave from the beginning
of the swallow to an inflection point called the contractile deceleration point.
Premature contractions have a DL <4.5 s.
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Fig.10.1 Normal
esophageal motility on
high-resolution manometry
(HRM) [12]. (Image used
with Permission from

Dr. Alexandra Guillaume
and Stony Brook
University Hospital GI
Motility Laboratory)

— Fragmented contractions have normal contraction vigor, but have a defect in
the wave segment.

3. Lower esophageal sphincter (LES) relaxation is measured by the integrated
relaxation pressure (IRP) that is measured by the mean pressure of 4 s of greatest
post deglutitive relaxation in a 10-s gap, triggered at the beginning of a swallow.
An IRP >15 mmHg [2].

Normal esophageal motility is represented in Fig. 10.1.

Major Disorders of Peristalsis
Achalasia

Achalasia is broadly defined by IRP, with an IRP >15 mmHg, and then is further
divided into three subtypes by the patterns of nonperistaltic esophageal pressuriza-
tion that accompanies the elevated IRP.

Type 1 achalasia (classic achalasia): Elevated IRP (>15 mmHg) with 100%
failed peristalsis. A DCI <100 mmHg/s/cm or premature contractions with DCI
<450 mmHg/s/cm satisfy criteria for failed peristalsis.

Type 2 achalasia (with esophageal decompression): Elevated IRP (>15 mmHg)
with 100% failed peristalsis, and panesophageal pressurization with >20% of swal-
lows. Contractions may be masked by esophageal pressurization and DCI should
not be calculated.
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Fig. 10.2 Types 1-3 achalasia on HRM [1]. Panel (a) shows type 1 achalasia with impaired
esophagogastric junction (EGJ) relaxation and aperistalsis. Panel (b) shows type 2 achalasia with
impaired EGJ relaxation and pan pressurization of the esophagus. Panel (¢) shows type 3 achalasia
with impaired EGJ relaxation, and premature contractions with a DL <4.5 s. (Image used with
Permission from Dr. Alexandra Guillaume and Stony Brook University Hospital GI Motility
Laboratory)

Type 3 achalasia (spastic achalasia): Elevated IRP (>15 mmHg) with no normal
peristalsis and premature (spastic) contractions with DCI >450 mmHg/s/cm with
>20% of swallows. This may be mixed with panesophageal pressurization [1].
Achalasia is represented on HRM in Fig. 10.2.

Traditional management strategies for achalasia include pharmacologic, endo-
scopic, and surgical options. While numerous medications have been tried for the
symptomatic relief of achalasia in adults, data suggests that there is limited long-
term success. Current guidelines state that there is no convincing evidence for the
use nitrates, calcium channel blockers, or phosphodiesterase inhibitors for symptom
relief [3].

Nitrates act at the LES by making up for a long-term deficiency in the inhibitory
neurotransmitter nitric oxide. This subsequently allows for a decrease in LES pres-
sure [4]. Calcium channel blockers inhibit the uptake of intracellular calcium, which
subsequently results in muscle relaxation. Use of both isosorbide dinitrate and nife-
dipine has led to the alleviation of symptoms in the short term, but long-term use of
these medications promotes tolerance and diminishing effects over time [5].
Importantly, in a small subset of patients, (8.9%), with chronic nifedipine adminis-
tration, there was sufficient clinical response, and esophageal manometry showed
that the achalasia pattern had been replaced by a near-normal pattern [5]. This sug-
gests there is a group of responders to this therapy. The use of Verapamil, while
efficacious in lowering LES pressures, does not improve symptoms [6]. The use of
both sublingual nitrates and calcium channel blockers is plagued by common side
effects, including hypotension, headache, and peripheral edema, in as high as 30%
of patients [7].

Phosphodiesterase inhibitors work through downstream actions to produce an
inhibitory effect of on the smooth muscle and subsequent decrease in LES tone and
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residual pressure [8]. In a small study with 11 patients, Sildenafil leads to improved
manometric findings in 9 patients, but symptomatic improvement in only 4 patients,
of which 2 of the 4 had significant side effects requiring cessation of the medication
[9]. Additional medications including aminophylline and terbutaline have been
poorly studied [4].

Achalasia is best treated with surgical or endoscopic therapies. Pneumatic bal-
loon dilation (PD), endoscopic botulinum toxin injection, Per Oral Endoscopic
Myotomy (POEM), and heller myotomy (HM) have all been shown to be effective
for relief of symptoms of achalasia [10]. While POEM and laparoscopic HM have
been shown to be efficacious in treating symptoms of achalasia, there may be higher
post-procedural acid exposure in the esophagus following POEM [11].

Esophagogastric Junction Outflow Obstruction

Esophagogastric junction outflow obstruction (EGJOO) is defined as an elevated
IRP (>15 mmHg), with sufficient evidence of peristalsis such that criteria for types
1-3 achalasia are not met [1].

EGJOO can be further divided into two major categories, functional and mechan-
ical EGJOO. Functional EGJOO is suspected in patients in which no mechanical
cause is identified for the obstruction [12]. This is generally treated similarly to
achalasia, with surgical and endoscopic interventions [13—15]. Botulinum toxin
injection with pneumatic balloon dilation has had short-term successful out-
comes [12].

Conversely, mechanical EGJOO has an underlying etiology that should be
treated based on the cause. Common etiologies include eosinophilic esophagitis,
which can effectively be treating with proton pump inhibitors (PPI) monotherapy as
the first-line treatment, as well as corticosteroids [16]. Obesity caused EGJOO
results from increased intra-abdominal pressures, and can be effectively treated
with weight loss. Chronic daily opioid exposure has been shown to be present in
almost a third of all EGJOO patients as defined by HRM [17]. Cessation of opioids
may help mitigate the symptoms of esophageal dysfunction in these patients when
there is not another cause identified. Figure 10.3 shows the topographic representa-
tion of EJGOO on HRM.

Hypercontractile Esophagus

Hypercontractile esophagus, also known as jackhammer esophagus, is defined by at
least two swallows with DCI >8000 mmHg/s/cm. Hypercontractility may involve,
or even be located to the lower esophageal sphincter [1].

Treatment for this condition is extremely varied, and given its low prevalence,
few large studies have looked at treatment efficacy. A recent study by Kahn et al., in
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Fig.10.3 Esophagogastric
outlet obstruction on HRM
[12]. Impaired EGJ
relaxation with normal
peristalsis. (Image used
with Permission from

Dr. Alexandra Guillaume
and Stony Brook
University Hospital GI
Motility Laboratory)

81 patients with jackhammer esophagus, found that treatment options included
endoscopic dilation, Botox injection, PPI, surgical or endoscopic myotomy, calcium
channel blockers, hyoscyamine, tadalafil, tricyclic antidepressants, peppermint oil,
benzodiazepines, baclofen, and trazodone. These authors found that nonpharmaco-
logic treatment (endoscopic treatment or myotomy) had significantly higher rates of
symptomatic improvement, but this effect dissipated on long-term follow-up. No
single pharmacologic agent proved to be superior [18]. Other research has found
that pharmacological relaxation of the smooth muscle with phosphodiesterase-5
inhibitors or anticholinergic agents has shown symptomatic improvement [19].
Surgical and endoscopic options have also been tried with moderate results. Similar
to esophageal spasm, POEM may be an effective tool for significant improvements
in chest pain and dysphagia in this patient population [20]. Figure 10.4 shows HRM
of hypercontractile esophagus.

Distal Esophageal Spasm

Distal esophageal spasm is defined by a normal IRP and with >20% premature
contractions (DL <4.5 s) with a DCI >450 mmHg/s/cm. Some normal peristalsis
may be present [1, 2].

Pharmacologic treatment options have limited efficacy. Options include concen-
trated peppermint oil, nitrates or phosphodiesterase-5 inhibitors, calcium channel
blockers, tricyclic antidepressants, endoscopic botulinum toxin injection, pneu-
matic dilation, and myotomy (surgical or endoscopic) [21]. In a small study with
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Fig. 10.4 Hypercontrac-
tile esophagus on HRM
[2]. DCI >8000 mmHg/s/
cm in at least 20% of
swallows with a normal
DL. (Image used with
Permission from

Dr. Alexandra Guillaume
and Stony Brook
University Hospital GI
Motility Laboratory)

eight patients, peppermint reduced the number of simultaneous contractions found
on manometry [22]. Endoscopic and surgical options have traditionally had limited
impact, but there is some evidence that the POEM may be a viable option for the
treatment of chest pain and dysphagia in these patients, although the data is limited
[20]. Distal esophageal Spasm is represented on HRM in Fig. 10.5.

Absent Contractility

Absent contractility is characterized by 100% failed peristalsis with a normal
IRP. Achalasia should be considered when IRP values are borderline and when
there is evidence of esophageal pressurization [1].

Absent contractility has been shown to be associated with systemic sclerosis. A
recent study by Aggarwal et al. showed that in 122 patients with systemic sclerosis
who underwent HRM, 60% of patients had absent contractility [23]. There is no
available treatment to restore or improve peristalsis that has been well-proven.
Treatment of an underlying sclerotic condition and symptomatic management of
associated gastroesophageal reflux disease (GERD) remain the mainstay of man-
agement. This begins with PPI therapy, but symptom control has been attempted
with antireflux surgery, or gastric drainage procedures, although the data is limited
[2]. Absent contractility is seen in Fig. 10.6.
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Fig. 10.5 Distal
esophageal spasm on HRM
[2]. Premature contractions
(DL <4.5 s) in at least 20%
of swallows. (Image used
with Permission from

Dr. Alexandra Guillaume
and Stony Brook
University Hospital GI
Motility Laboratory)

Fig.10.6 Absent
contractility on HRM [2].
Aperistalsis in the setting
of a normal LES relaxation
with an IRP <10 mmHg.
(Image used with
Permission from

Dr. Alexandra Guillaume
and Stony Brook
University Hospital GI
Motility Laboratory)
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Minor Disorders of Peristalsis
Ineffective Esophageal Motility

Ineffective esophageal motility is defined by >50% ineffective swallows. Ineffective
swallows can be either failed or weak with a DCI <450 mmHg/s/cm [1].

Treatment is aimed at the management of gastroesophageal reflux, with proton
pump inhibitors with or without pro-kinetic agents. In a small study by Jeong et al.,
with 17 patients, only 41.2% of the patients had either a complete or satisfactory
response to PPI treatment [24]. Mosapride, a prokinetic serotonin receptor agonist,
significantly increases peristaltic contractions in healthy volunteers, and along with
other prokinetic agents, are an area of future study [25]. Additional pharmacologic
interventions have been studied without success. The anxiolytic buspirone did not
lead to improvement, and treatment of GERD may be helpful when this disorder is
secondary to reflux [2, 26]. HRM images of ineffective esophageal motility are seen
in Fig. 10.7.

Fragmented Peristalsis

Fragmented peristalsis is defined by >50% fragmented contractions with a DCI
>450 mmHg/s/cm [2].

Similar to ineffective esophageal motility, treatment is aimed at the management
of GERD. Jeong et al., in only seven patients, found that 85.7% of patients symp-
tomatically improved to treatment with PPIs [24]. Fragmented peristalsis is repre-
sented on HRM in Fig. 10.8.

Fig. 10.7 Ineffective
esophageal motility on
HRM [2]. Failed or weak
peristalsis in at least 30%
of swallows. (Image used
with Permission from

Dr. Alexandra Guillaume
and Stony Brook
University Hospital GI
Motility Laboratory)
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Fig. 10.8 Fragmented
peristalsis on HRM [2].
Fragmented peristalsis
with a 7 cm gap. (Image
used with Permission from
Dr. Alexandra Guillaume
and Stony Brook
University Hospital GI
Motility Laboratory)
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Esophageal Motility Disorders 1 1

Michael Jureller and Erin Moran-Atkin

Overview

Esophageal motility disorders are broad and present at various times in their natural
course. This can make an exact diagnosis challenging. These various pathologies
unfortunately have no definitive cure. All treatments, medical or surgical, are based
on palliation and symptom relief [1].

The goal of this chapter is to provide an overview of the latest recommendations
in the diagnosis, workup, and management in a spectrum of esophageal dysmotility
syndromes.

History

The first account of surgical disease of the esophagus dates from 3600 BC to
2500 BC to the famed ancient Egyptian “Edwin Smith Papyrus,” in which there is a
description of “a gaping wound of the throat penetrating the gullet,” and the repair
of a cervical esophagus with assumingly a muscle flap, “Thou shouldst bind it with
fresh meat the first day. Thou shouldst treat it afterwards with grease, honey, (and)
lint every day, until he recovers” [2, 3].

Later, circa AD 0 Chinese scripts detail patients with esophageal cancer and
associated dysphagia and dysmotility [4]. The first documented treatment of esoph-
ageal dysphagia, thought to be achalasia, was recorded in 1679 by Thomas Willis in
which he described using a sponge-tipped whale bone to assist in passage of food
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bolus lodged in the esophagus [5, 6]. Later, in 1913, Heyrovsky published the first
open surgical approach to “idiopathic dilation of the esophagus” in which he
described a series of patients in which he performed an anastomosis of the distal
esophagus to the gastric fundus [7]. Shortly afterward, Heller, De Bruine
Groeneveldt, and Zaaijer described the esophagocardiomyotomy [8], which has
since been modernized to what we refer to as the Heller myotomy. Since that time,
minimally invasive techniques using endoscopy and robotics have emerged, which
we will explore in this chapter. Presently, treatment for esophageal dysmotility syn-
dromes ranges from behavioral, to pharmacologic, to endoscopic and surgical.

Initial Workup and Diagnosis
History and Physical Exam

As with all ailments, proper diagnosis begins with the careful history and physical
examination of the patient. Most patients will complain of chest pain, and thus it is
important to rule out acute coronary syndrome while proceeding with a workup.
Particular attention should be paid to habits pertaining to diet and associated symp-
toms including chest pain and weight loss. Points to question in detail are any symp-
toms of dysphagia, retrosternal chest pain, immediate postprandial regurgitation,
and halitosis [9, 10]. With achalasia, patients may complain of retrosternal pains
when ingesting cold liquids and cold substances such as ice cream, which sit stati-
cally in the distal esophagus. If dysphagia is present, what is its quality? Has the
dysphagia been progressive and does it favor solids or liquids? If gastric bloating,
distension, and delayed postprandial emesis are endorsed, gastroparesis may be
present. Upper respiratory tract complaints may be present as well, which are simi-
lar to those with gastrointestinal (GI) reflux disease such as cough, asthma, and even
pulmonary fibrosis [11].

The Eckardt scoring system (Fig. 11.1) is traditionally used for patients with
dysphagia and is a good and validated subjective marker for the need for treatment
and can be followed postoperatively [12—-15].

Physical examination, while important, is likely to be unremarkable. With the
exception of signs of weight loss such as cachexia, temporal wasting, and thinning

0 1 2 8

None Occasional Daily Every meal

None Occasional Daily Every meal

None Occasional Daily Several times
per day

0 <5 5-10 >10

Fig. 11.1 Eckardt score graded 0—12 for subjective measurement of severity of dysphagia
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of the thenar eminences, an examination is likely to be negative. It is of utmost
importance to examine nodal basins, as esophageal and gastric cancers should be a
part of the initial differential diagnosis. The findings of enlarged cervical, supracla-
vicular or periumbilical lymphadenopathy will drastically change the further
workup and management.

Initial Testing
Upper Gl Fluoroscopy

Fluoroscopic evaluation is the first test of choice and should be obtained on all
patients being assessed for upper GI motility disorders. Contrast-enhanced video
fluoroscopy should be performed prior to endoscopy to evaluate for diverticulum,
since endoscopy in this setting can possibly result in perforation. Video fluoroscopy
allows for visualization of esophageal dilation, length, the presence of diverticula or
a hiatal hernia, as well as gastroesophageal reflux. Several pathognomonic signs can
be present on an esophagram, most famously the “bird’s beak” (Fig. 11.2) appear-
ance of the esophagus at the lower esophageal sphincter [16].

The Rezende classification (Fig. 11.3), sorted between I and IV, has typically
been used to communicate the extent of esophageal dilation and tortuosity [17].

EGD

Esophagogastroduodenoscopy (EGD) should be performed on all patients for all
suspected esophageal motility disorders and most other pathologies of the foregut.
There are multiple utilities for EGD including, importantly, its assessment for car-
cinoma. Additional pertinent findings on EGD are for the caliber and mucosal qual-
ity of the esophagus, if a hiatal hernia is present and the concomitant presence of
Helicobacter pylori [11]. Biopsies should always be taken of any suspicious esoph-
ageal, gastric, or duodenal lesions.

Endoscopic findings particularly indicative of achalasia are numerous. In 2012,
the Japan Esophageal Society established several typical findings including the dila-
tion of the esophageal lumen, retained food bolus in the distal esophagus after their
midnight fast, whitish thickening along the mucosa—a combination of adhesive
debris from food and candida—functional stenosis of the gastroesophageal junc-
tion, and abnormal contractions of the esophageal body [18] (Fig. 11.4). An addi-
tional finding, a so-called “Pinstripe pattern” can also been seen in up to 60% of
patients and is characterized by the longitudinal wrinkling of esophageal [19]
(Fig. 11.5). On passage of the endoscope of the gastroesophageal junction, a typi-
cally popping sensation may be felt as the endoscope overcomes the pressure of the
lower esophageal sphincter.
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Fig.11.2 Barium
swallow. Dilated
esophagus with retained
column of barium and a
“bird’s beak sign”
suggestive of achalasia.
(Reproduced from Farrokhi
and Vaezi [106])

Manometry

Esophageal manometry for diagnosis of dysmotility syndromes is not only gold
standard but also helps classify dysmotility syndromes into several subclasses. The
advent and incorporation of high-resolution manometry (HRM) in the early 2000s
have been of invaluable help. Previous manometric studies limited recordings of
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Fig. 11.3 Progression of esophageal dilation and contrast retention according to Rezende’s clas-
sification of Chagastic megaesophagus. (Reproduced with permission from Griffiths et al. [102])

Fig. 11.4 Typical findings of achalasia on EGD (a) dilated esophagus, (b) retained food, (c)
increased debris and bacterial overgrowth, (d) hypertrophic lower esophageal sphincter, (e) spastic
paralysis. (Reproduced from Minami et al. [19])

esophageal pressure every 5—8 cm, whereas present HRM systems record pressures
every 1 cm apart [20]. They are more accurate in providing a proper diagnosis and
they generate colored output graphs that are easier to interpret and conceptualize in
comparison to older linear plots [20].

The Chicago Classification v3.0 system [21], modified in 2015, gives the latest
subdivisions of esophageal motility disorders based on HRM findings (Fig. 11.6).
HRM has resulted in better diagnosis and differentiation of various esophageal
motility disorders than traditional manometry [20].

Disorders can be simply subdivided into three main categories: (i) major disor-
ders or peristalsis, (ii) minor disorders of peristalsis, and (iii) disorders with esopha-
gogastric junction (EGJ) outflow obstruction [21].
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Fig. 11.5 Pinstripe pattern (a) minute superficial wrinkle on mucosal surface, (b) indigo carmine
spray making the superficial structure clearer, (¢) magnification after indigo carmine spraying, (d)
narrow band imaging with magnification. (Reproduced from Minami et al. [19])

Some authors have started to use HRM intraoperatively to identify exact areas of
esophageal hypertension to tailor the location of performed myotomy [22, 23].
However, multiple studies performed show varying results.

Several patient factors such as obesity, previous bariatric surgeries, diabetes, and
possibly eosinophilic esophagitis can effect manometry studies and should be taken
into account when evaluating a patient [24-28].

Differential of Dysmotility Syndromes
Achalasia

Achalasia has an incidence of approximately 1 in 100,000 per year. It does not dis-
criminate against gender and has an increasing incidence later in life, but it can be
present in the pediatric and young adult populations as well [29, 30].

Esophageal achalasia is defined by features from the Chicago Classification v3.0
system, and is a subdivision of EGJ outflow obstruction. Achalasia falls within a
major disorder of peristalsis. It is defined by an elevation of the median integrated
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Fig. 11.6 Hierarchical algorithm for classification of motility disorders by the Chicago
Classification. (Reproduced with permission from Kahrilas et al. [21])

IRP normal and
> 50% effective swallows

relaxation pressure (IRP) with associated failed peristalsis or spasm. It can be bro-
ken down into three subtypes: type 1 achalasia is classical achalasia—100% failed
peristalsis (distal contractile integral [DCI] <100 mmHg/s/cm) with failure of relax-
ation of the lower esophageal sphincter on swallowing (IRP >15 mmHg); type 2 has
the added feature of increased panesophageal pressures on greater than 20% of
swallows; and type 3 has the further added feature of esophageal spastic contrac-
tions (DCI >450 mmHg/s/cm) in greater than 20% of swallows. The differentiation
of the subtypes is important as different surgical options are more efficacious than
others depending on subtype [31].

The pathophysiology and mechanism of achalasia are still debated with several
theories. There is some evidence that achalasia may be a consequence of infectious
disease with an antecedent viral infection [31, 32] or due to the parasite Trypanosoma
cruzi, the so-called Chagas disease, which will be highlighted later in this chapter.
Otherwise, much of its mechanism is still idiopathic and under investigation.
Histologically, there is proliferation of cytotoxic T-lymphocytes [33] and mast cell
into the myenteric (Auerbach) plexus with neural loss and inflammation [34]. The
aperistaltic segment of esophagus is likely due to failure of normal vagal motor
function and dysfunctional cholinergic mechanisms. These alterations take time to
develop, accounting for the various subtle symptoms of this disease and sometimes
discrepancies in objective test results may explain for its delay in diagnosis [35, 36].

Long-term achalasia without treatment can progress to malnutrition, chronic
aspiration, or eventual esophageal carcinoma. The malignant transformation, unlike
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in Barrett’s esophagus with gastrointestinal reflux disease, has a higher prevalence
of degeneration into squamous cell carcinoma. The prevalence for squamous cell
carcinoma is 26 per 1000 patients—nearly 300-fold absolute risk increase when
compared to the general population [37]. The risk for adenocarcinoma, while still
elevated, is not nearly as outstanding as squamous cell. Its prevalence is nearly 4 per
1000 cases of achalasia and has an 18-fold increased absolute risk with its predilec-
tion potentially from nitrate concentration due to bacterial overgrowth [37]. Patients
with at least 10-year history of disease should undergo endoscopic surveillance [37].

It is important to take history from a patient to rule out pseudoachalasia, usually
hallmarked by extrinsic compression of the esophagus. Such causes can be a previ-
ous gastric fundoplication performed too tightly, a gastric band for weight loss [38],
an overtightened LINX reflux management system [39], or dysphagia lusoria—
extrinsic compression of an aberrant right subclavian artery [40]. It is not uncom-
mon for those with achalasia to be diagnosed initially as having pseudoachalasia
with reflux to and for those patients to undergo fundoplication.

Treatment of achalasia is vast—from pharmacologic management with calcium
channel blockers to nitrates to relax the lower esophageal sphincter to endoscopic
means to surgical. Treatment should best be individualized to the patient and degree
of achalasia with consideration to potential comorbid conditions.

Chagas Disease

Chagas disease is caused by the parasite Trypanosoma cruzi and is mostly endemic
to South America. The World Health Organization classifies it as a neglected tropic
disease and in 2010, nearly six million people were thought to be infected [41]. The
effects of Chagas disease is syndromic, causing dysfunction of the heart, viscera,
brain, and other organs [41-43]. The exact mechanism of virulence is still under
investigation, but is thought to involve over-excitatory effects of T lymphocytes,
interferon gamma, tumor necrosis factor, and other cytokines [43]. Elevated levels
of M2 acetylcholine muscarinic receptor autoantibodies have been identified at a
higher rate compared to idiopathic achalasia—84% vs. 28%—which may play a
role in the development of megaesophagus and the loss of Auerbach’s and Meissner’s
plexuses [43].

Diagnosis involves a high index of suspicion when interviewing patients from
endemic areas and confirmation using histology, polymerase chain reaction (PCR),
and serology antigen assay [41, 42]. All patients with a confirmed diagnosis should
have a cardiology consultation, with a minimum of a 12-lead echocardiogram (EKG).
Workup of esophageal involvement is the same as other dysmotility disorders and is
highlighted above but with the additional cavoite that manometry should be performed
even in the setting of a normal esophagram [41]. Exact patterns on high-resolution
manometry are currently being investigated and show mixed results. One study of
symptomatic patients shows a decrease in esophageal body and lower esophageal
sphincter pressure when compared to idiopathic achalasia, which may reflect more the
degree of esophageal dilation, which is inversely related to transduced pressures on
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HRM [44]. While, on the other hand, additional findings suggest that in the chronic
phase of the disease (which can be relatively asymptomatic), there is a relatively
hypotonic lower esophageal sphincter and hypertonic upper esophageal sphincter and
may not correlate to a patient’s degree of symptoms [45].

The risk for carcinoma of the esophagus is significantly higher in areas of the
world where Chagas disease is endemic. Prevalence is as high has 56 per 1000 cases
of achalasia patients. Mutations of the Fragile Histidine Triad Diadenosine
Triphosphatase (FHIT) and tumor protein 53 (TP53) genes as well as abnormalities
in chromosomes 7, 11, and 17 may be associated with degeneration to carcinoma [37].

The mainstay of treatment for Chagas disease remains medical with antiparasitic
agents, namely benznidazole and nifurtimox [42]. It is paramount to work closely
with infectious disease physicians who specialize in tropical diseases. Initial surgi-
cal treatment with Chagastic esophagus can be similar to that of idiopathic achala-
sia. One must be cautious however because some patients with Chagas disease can
have an entity of gastroparesis, causing drastic worsening of reflux disease and gas-
tric distension. In such cases, other surgical options such as the Serra-Ddria proce-
dure—cardioplasty with partial gastrectomy and Roux-en-Y reconstruction—should
be entertained [46, 47]. In cases of megaesophagus an esophagocardioplasty
(Fig. 11.7)—Grondhal’s cardioplasty [46], or with a gastric patch—modified Thal
procedure may be needed [48]. In other cases of end-stage disease, endoscopic
mucosal resection [32] or a total esophagectomy may be necessary [47].

Systemic Sclerosis (Scleroderma)

Systemic sclerosis is an autoimmune syndrome with a predilection to females in the
fourth through sixth decades of life. The esophagus is the most common gastroin-
testinal organ involved with the disease, and can occur in up to 90% of patients,
40-80% of whom are symptomatic [49]. At its root, there is fibroblastic and colla-
gen proliferation in cellular tissue, leading to calcifications and sclerosis. A patient’s

Fig. 11.7 Esophagocardioplasty. (a) endoscopic view of bottom jaw of the laparoscopic angled
gun into the esophagus, (b) optimal positioning of the gastrotomy 4 cm below the gastroesopha-
geal junction, (¢) laparoscopic view of the stapler placement into the esophagus and fundus simul-
taneously. (Reproduced with permission from Griffiths et al. [102])
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most typical complaint when there is esophageal involvement is gastrointestinal
reflux disease and dysphagia [50].

Most diagnostic workup as detailed above reveals a hypotonic lower esophageal
sphincter, aperistalsis, dilated esophagus, and acidic esophageal pH [51, 52].

Pharmacotherapy is first line of treatment, and should be managed primarily by
a rheumatologist. The objective is to decrease symptoms of reflux and promote
esophageal motility, done with a combination of proton pump inhibitors and proki-
netic agents such as domperidone and buspirone [49].

Surgical management should be cautioned, especially in the treatment of reflux.
Fundoplications alone should be contraindicated due to profound postoperative dys-
phagia. Other surgical choices such as the Roux-en-Y gastric bypass can be prob-
lematic as well if small bowel dysmotility is involved, but it may be the best option
[49, 53]. As in Chagas disease, some patients with crippling quality of life may have
indication for esophagectomy [54]. Regardless, surgical options should be reserved
for patients who are refractory to medical management and for whom symptoms
effect quality of life.

Other Spastic Disorders of the Esophagus

Distal esophageal spasm, hypercontractile esophagus, and aperistalsis are addi-
tional, but not a complete list of other esophageal motility disorders. High-resolution
manometry is used to break down and subclassify this cohort and help to guide
treatment [55] (Fig. 11.8).

Absent peristalsis characteristically has lack of esophageal motility with a nor-
mal lower esophageal sphincter. Patients with scleroderma will typically have this
pattern of manometry and complain of regurgitation and reflux. Patients with long-
standing severe gastroesophageal reflux disease (GERD) can also develop this
pathology as a result of its ensuing fibrosis. Patients commonly have respiratory
complaints such as cough, wheezing, and asthma; they can even progress to a state
of pulmonary fibrosis [50]. The Chicago Classification subclassifies this cohort into
four types of delayed peristalsis: absent, weak with large or small peristalsis defects,
and frequent failed peristalsis. As one may imagine, fundoplication procedures may
make this problem exceedingly worse and should be considered in a multidisci-
plinary fashion if chosen as part of therapy [56].

Hypertensive lower esophageal sphincter or esophagogastric junction outflow
obstruction was most recently described by Code in 1960 [57]. Failure to previously
identify this disease was probably due to failure to discriminate this pathology from
achalasia [58]. Manometry shows an increased resting pressure of the lower esopha-
geal sphincter greater than 15 mmHg but retains its ability to relax. Esophageal
peristalsis is usually preserved, but can be diminished—but not to the extent as to
meet criteria for achalasia.

Distal esophageal spasm is diagnosed in approximately 4-10% of patients on
HRM and is more frequently seen in females and the elderly. This disorder was first
proposed by Osgood in the 1880s in people who complained of chest and epigastric
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Fig. 11.8 Outputs of high-resolution manometry for various motility disorders, including sub-
types of achalasia. Horizontal axis shows time, vertical axis shows length along the esophagus,
colors from blue to red spectrum demonstrate increasing pressure. (Reproduced with permission
from Rohof and Bredenoord [20])

pain with concomitant dysphagia [59]. Barium esophagram may show a “cork-
screwing” pattern or pseudodiverticula. Manometry will show esophageal spasm in
greater than 20% of swallows, usually in the distal esophagus, with a normal lower
esophageal sphincter pressure [20, 60].

Hypercontractile esophagus, colloquially termed Jackhammer esophagus, is
defined by greater than 20% of contractions being greater than 8000 mmHg/s/cm
[21, 55]. The location of contraction along the esophagus is nonspecific, and can
include the lower esophageal sphincter. It is present in 4.1% of patients who undergo
manometry [61]. Most patients with this pathology will complain of chest pain and
dysphagia.

Like achalasia, therapy is palliative and guided at treating dysphagia chest pain
and reflux. Surgical therapy is explored after failure of initial medical and endo-
scopic management. Because of the multifocal nature of this nonspecific esopha-
geal disorders, balloon dilation and Botox injection have limited roles. Medical



124 M. Jureller and E. Moran-Atkin

and endoscopic therapies are profoundly less efficacious than eventual surgical
therapy [11].

There is limited prospective data on surgical options outside of achalasia, but
similarly, authors agree on procedures involving myotomy and fundoplication.
However, success rates in decreasing dysphagia and GERD are less successful than
in achalasia. Furthermore, of considerable note is the length of esophageal myot-
omy needed in this patient cohort. The hypertrophic musculature and spasm occur
along a greater length of the esophagus, and a transabdominal approach may result
in a short myotomy. Thoracic approaches then are used to perform a long esopha-
geal myotomy and gastric fundopexy [62—64]. This subset of patient may be benefit
greatly from and endoscopic myotomy [65, 66], which will be discussed further
later in this chapter.

Pharmacological Treatment

Esophageal motility disorders are not curative diseases. All treatments, whether
medical, endoscopic, or surgical, are palliative with the goal of symptom alleviation
[67, 68].

The mainstay of nonprocedural management is based on dietary habits and the
use of calcium channel blockers and nitrates. The calcium channel blocker nifedip-
ine is taken to relax the smooth muscle of the lower esophageal sphincter by inhibit-
ing calcium reuptake. Resting pressure can be at times lowered by up to 60%. Side
effects can occur in up to 30% of patients and could be cause for poor compliance.
Mainly patients complain of dizziness, headache, and orthostatic hypotension [22].
These symptoms can be exacerbated if the patient is taking other antihypertensive
agents. Nitrates behave similarly, resulting in increased relaxation of the lower
esophageal sphincter and the increased passage of food bolus. The subjective patient
improvement, however, was limited and full recommendations to clinic practice
cannot be made.

Endoscopic Treatment for Achalasia

Endoscopic treatment for achalasia consists mainly of three procedures: Botox
injection, pneumonic dilation, and per-oral endoscopic myotomy (POEM). Injection
of botulinum toxin A into the lower esophageal sphincter is an attractive and logical
treatment option. Unfortunately, its effects are short lived, lasting between 6 and
12 months [36]. Consequently, botulinum toxin causes scaring in the submucosal
layers. This results in increased rate of perforation during later surgical myotomy
[69, 70]. It is an increasingly controversial approach, and may only be appropriate
to those who are unable to undergo general anesthesia and for whom life expectancy
may be short [71].

Pneumatic dilation was introduced in the 1970s and 1980s and still is relevant in
current treatment. Endoscopic treatment results in perforation with 1-3% of cases,
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half of which require surgery [72]. This risk increases both with each subsequent
dilation and with the use of larger balloon dilators greater than 30 mm on initial
dilation [36]. Treatment, however, can be quite robust, with maintained relief of
dysphagia of 84% at one month, but may decline to 58% by 3 years [73]. Results
may be best in those with type 2 achalasia. Balloon dilation is favored over bougie
due to the ability to have direct visualization of the pathology, rather than blindly or
with fluoroscopic guidance [74].

Surgical Treatment for Achalasia

Ernest Heller first described his operation in 1914 (on a patient he operated on in
1913) and was in fact different from his namesake procedure. In his original
approach, he performed a myotomy both on the anterior and on the posterior esoph-
ageal surfaces [8]. The named procedure “Heller myotomy” is more similar to De
Bruine Groeneveldt’s description in which a single longitudinal anterior esophago-
cardiomyotomy was performed, but without a gastric fundoplication. Presently,
with the advent of laparoscopy and improvements in surgical technique, this has
brought us to a single anterior myotomy with partial fundoplication, known today
as a Heller’s myotomy—today’s gold standard in the United States [70, 75].

The application of a partial fundoplication has since reduced the rate of postop-
erative reflux from 32% to 8% [73]. Whether an anterior or posterior partial fundo-
plication is used has been a point of debate in the literature for some time. The
majority of patients in literature-based searches has a Dor fundoplication, but this is
likely favored based on surgeon preference rather than robust data [76].

Comparison meta-analysis of Heller myotomy and endoscopic balloon dilation
favors surgical myotomy in reducing dysphagia, while having similar safety profiles
and rates of reflux disease [72, 73]. The Heller myotomy has shown to decrease the
rate of chest pain and dysphagia in up to 90% of patients, and depends somewhat on
the stage of achalasia and subclassifications based on high-resolution manometry
[73]. Perioperative complications and generally minimal and include perforation,
wrap dysfunction, and dysphagia. Perforations are reported in approximately 1.6%
of cases [70].

Since its advent, robotic surgery has been introduced to the foregut as well.
While potentially having ergonomically advantages to the surgeon, outcomes data
has not shown robotic-assisted Heller or transthoracic myotomy to be superior to
laparoscopic [77, 78]. A recent publication, however, reported a decreased rate of
complications with a robotic approached compared to traditional laparoscopic [79].

Peroral Endoscopic Myotomy

POEM is perhaps the champion of the nature orifice surgery movement and contin-
ues to gain traction. The procedure was first performed and described in 1980 by
Ortega, Madureri, and Perez on a short series of treatments involving six dogs and
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Fig. 11.9 Peroral endoscopic myotomy (POEM) procedure. Anterior POEM is performed in the
12 to 2 o’clock position, whereas posterior POEM is performed in the 5 to 6 o’clock position. Both
approaches entail four stages: mucosotomy, submucosal tunneling, myotomy, and mucosal clo-
sure. (Reproduced with permission from Khashab et al. [107])

seventeen patients [80]. The technique, however, was abandoned for some time until
it was reintroduced by Haruhiro Inoue in 2008 [81]. The procedure entails using a
therapeutic gastroscope in which an esophageal submucosal tunnel is made approx-
imately 4 cm proximal to the start of the myotomy and carried down 3—4 cm into the
stomach distally. The circular fibers of the lower esophageal sphincter are identified
and divided, and the mucosal defect is then closed endoscopically. Creation of the
myotomy on the anterior or posterior surfaces of the esophagus seems to have equal
efficacy [82] (Fig. 11.9).

Complications are minimal [83] in experienced hand and are limited to bleeding
usually manageable with cautery and small perforations that can be controlled with
endoclips. Rarely is conversion to laparoscopic/thoracoscopic or open procedures
necessary. Obtaining an upper GI series on postoperative day 1 is not necessarily
standard and may only be helpful if symptoms concerning for perforation are pres-
ent such as tachycardia, shortness of breath, and chest or abdominal pain [84].

Inoue and his group’s experience of 500 patients from 2008 to 2013 were suc-
cessful in treating all variants of achalasia including sigmoid esophageal anatomy.
They report significant improvement in Eckardt scores out to 3 years [81].

In comparing treatment-naive patients with achalasia, POEM had superior 2-year
outcomes than endoscopic balloon dilation [60]. Specifically, 92% of patients who
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had POEM experienced improvement in dysphagia, compared to only 54% in the
balloon dilation group. However, rates of reflux were higher in the POEM
group—41% compared to 7%.

The use of POEM is gaining traction as for nonspecific esophageal motility dis-
orders. The principle of an extended or long myotomy is well suited for POEM,
since a submucosal tunnel can be easily initiated anywhere on the esophageal body
and tailored towards manometric results. The use of a long myotomy, as advocated
for in type III achalasia, can be accomplished nicely with POEM as shown in a
recent series to have better success in this achalasia subtype when compared to
Heller myotomy—98% vs. 80.8% success rate [13]. The success of POEM for type
IIT achalasia, diffuse esophageal spasm, and jackhammer esophagus may be on the
order of 92%, 88%, and 72%, respectively [65]. The decreased rate of success in
jackhammer esophagus may be of a technical error if the lower esophageal sphinc-
ter is not included in the myotomy [85].

Recent reports demonstrate that POEM is more effective than Heller myotomy in
relieving short-term dysphagia [86]. However, this does come at a price of increased
levels of gastrointestinal reflux disease and asymptomatic esophagitis, which also
increases in rate the further into the postoperative period the patient is [81, 86—88].
This result is not surprising as POEM is done without performing fundoplication
[35]. These findings of increased GERD in patients who undergo POEM as com-
pared to Heller myotomy are also seen on postoperative pH monitoring [86].
Interestingly, body mass index may not be a risk factor in the development of post-
operative reflux in the POEM patient [89]. However, this may suggest that POEM
can predispose a patient to the Barrett’s metaplasia-dysplasia-carcinoma pathway.
But until longer follow-up is established with POEM, this is still speculation. POEM
has not been showed to be a carcinogenic procedure at this time.

Presently, POEM is still a highly specialized procedure and is not offered at all
specialty centers. Most general surgery residents and many fellows who train in
minimally invasive surgery are not exposed to this procedure. Thus, many who do
POEM, learned the technique after their formal graduate medical education. It takes
approximately 15-20 procedures, with appropriate faculty supervision to become
facile and independent in POEM [35, 90].

Recurrent Dysphagia

Success of surgery is usually defined as postoperative Eckardt scores of less than 3
[12, 65, 91]. Surgical intervention for dysphagia is typically a robust intervention
with lasting long-term results. There is, however, a small subset of patients who fail
surgical intervention and have recurrent dysphagia. Preoperative predictors of fail-
ure may include higher Eckardt scores (>9) and achalasia subset type III [91, 92].
POEM has a potential dysphagia recurrence rate of 10%, while laparoscopic myot-
omy is reported between 3.5% and 15%.

Reasons for recurrent dysphagia are multifactorial. Eventual failure of the Heller
myotomy or recurrence of symptoms is due to incomplete myotomy (33%),
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myotomy fibrosis (27%), fundoplication disruption (13%), tight fundoplication
(7%), or some combination of two (20%) [93]. Other lesser, but still possible, rea-
sons for failure include overtightening of crural closure (if performed), peptic stric-
ture, carcinoma, and even incorrect index diagnosis [94]. It can be easy to confuse
gastroparesis, either undiagnosed or iatrogenic, from vagal nerve injury, as a possi-
ble cause of recurrence, as these patients will present with emesis and bloating with
or without dysphagia.

Eckardt scores can be followed in patients to track their subjective complaints.
As with following patients with reflux, it is important to correlate their subjective
complaints with objective data [95]. Workup of recurrent dysphagia should be
meticulous and mirror that of primary dysphagia [75, 94]. Again it starts with an
upper GI contrast study. Evidence of the classic “bird’s beak™ appearance can be
seen. HRM can often be misleading and unhelpful for a previously operated patient.
Endoscopy can be both diagnostic and therapeutic. Pneumatic dilation, at times up
to 40 mm, is typically the first intervention performed and its rate of success has
been reported between 50% and 70% [96, 97]. Cross-sectional imaging, while not
mandatory, can be helpful in defining anatomy and may provide insight to the etiol-
ogy of what is provoking the recurrent dysphagia.

Unfortunately, some patients do not respond to repeat dilations, and their pathol-
ogy can be lifestyle crippling. Many patients undergo repeat surgical intervention,
such as redo Heller myotomy or POEM and therapy is usually successful [98—100].
Procedure selection is challenging and should be tailored to the patient. Redo myot-
omy is typically more difficult, as shown by increased rates of esophageal perfora-
tion, reported between 13% and 33% [98-100]. Presently, with more and more
centers and surgeons becoming proficient in POEM, success rates on patients need-
ing redo procedures approach that of primary POEM [99]. Importantly, when plan-
ning redo interventions, a previous primary Heller myotomy does not preclude a
patient from having a secondary POEM, and vice versa [12].

Repeated recurrence despite persistent therapy usually leads to esophagectomy.
Several salvage procedures, while are seldomly performed, do exist. Some surgeons
and centers have experience with advanced techniques such as the modified Thal
procedure, Serra-Déria operation [78, 95, 101, 102]. A newly published limited
series describes resection of the dysfunctional gastroesophageal junction with
esophagojejunostomy, using a Roux limb taken 30 cm from the ligament of Trietz
and anastomosis of the in situ gastric remnant with biliopancreatic limb 60 cm down
the Roux limb [103]. (insert pictures of operative anatomy).

Total Esophagectomy

Esophagectomy, while controversial, may be necessary for patients with end-stage
disease of achalasia and dysmotility disorders [68]. Up to 5% of patients with dis-
ease, particularly achalasia, will undergo esophagectomy, most of them having pre-
vious endoscopic and myotomy procedures [1, 104]. Indications for total
esophagectomy involve symptomatic features of end-stage disease, which are
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refractory to previous medical and surgical management. Such features include sig-
moid esophagus >6 cm (the so-called dolicho-megaesophagus), disabling gastric
reflux disease and dysphagia, malnutrition, recurrent aspiration pneumonia, airway
compromise from extrinsic compression, recurrent bleeding, stricture, underlaying
cancer, and if part of clinical trials [54, 67, 104].

Some authors report increased rates of bleeding, especially when a transhiatal
approach is used, due to dense mediastinal adhesions from the chronic inflamma-
tory state of the disease and previous procedures [105]. Laryngeal nerve anatomy
and its displacement must be taken into account as well [68]. While most proce-
dures are performed transthoracic as compared to transhiatal (73.9% vs. 26.1%) [1],
both are acceptable and safe, especially since surgeons have become more experi-
enced with minimally invasive and robotic approaches.

Esophagectomy has generally been tolerated well, especially at centers of excel-
lence. Study of the Nationwide Inpatient Sample from 2000 to 2010 in comparing
esophagectomy for achalasia compared to cancer showed decreased rates of mortal-
ity (3% vs. 8%) and postoperative complications were linked more to preoperative
nutrition status rather than indication for surgery [67]. Pneumonia (15%) and anas-
tomotic leak (7%) are the two most significant complications [1].

The choice of conduit for reconstruction is still of some debate. However, most
surgeons and authors advocate for gastric interposition as first line conduit when
available and is most used (95%), followed by colon and then small bowel [1, 54,
68, 104]. This is generally due to the robust vascular supply of the stomach and the
need only for a single anastomosis when used.

Quality of life improves for the vast majority of discharged patients (75—-100%)
[1], with approximately 20-30% require further dilation due to anastomotic stric-
ture and 20% complaining of dumping syndrome. Nearly all patients are able to
normalize nutritional parameters and gain weight [104].

Conclusion

Esophageal motility disorders are a complicated pathology. Importantly, providers
must be vigilant with a patient’s preoperative workup. Obtaining all objective data
possible and identifying the nuances are paramount, allowing a standardized, yet
tailored approach to each patient. For achalasia, laparoscopic Heller myotomy
remains the gold standard. However, for other pathologies such as nonspecific spas-
tic disorder, achalasia type 3, and recurrent dysphagia after Heller myotomy, POEM
continues to gain traction and more data on long-term outcomes are being published
annually and is considered by some to be the procedure of choice.

Glossary

e Achalasia
Adenocarcinoma
Barrett’s esophagus
Chagas disease
Chicago classification
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* Distal esophageal spasm

* Dysphagia

* Dysphagia lusoria

» Eckardt score

e Edwin Smith Papyrus

* Ernst Heller

* Esophagectomy

* Esophagogastroduodenoscopy
* Gastroesophageal reflux disease
* Gastroparesis

* Haruhiro Inoue

* Heller myotomy

e High-resolution manometry

* Hypercontractile esophagus

* Jackhammer esophagus

* Modified Thal procedure

* Pinstripe pattern

e Pneumatic dilation

e Por oral endoscopy myotomy
* Pseudoachalasia

e RouxenY gastric bypass

* Rezende classification

* Scleroderma

e Serra-Doria procedure

e Squamous cell carcinoma

* Thomas Willis

e Trypanosoma Cruzii

e Upper GI fluoroscopy
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The Endoscopic Treatment 1 2
of Esophageal Motility Disorders

Vitor Ottoboni Brunaldi and Manoel Galvao Neto

Introduction

Esophageal dysmotility disorders include several benign diseases of the esophagus
that impair adequate conduction of the food bolus to the stomach. Esophageal food
transport may be didactically divided into four phases. The first phase is the accom-
modation—when the esophagus receives and accepts the bolus from the orophar-
ynx. The second phase is the compartmentalization—when medullary programmed
peristalsis of the proximal esophagus leads the bolus into the distal esophagus. The
third phase is the esophageal emptying—when the bolus is expelled from the esoph-
agus and into the stomach that is mainly mediated by post-transition zone myenteric
plexus programmed peristalsis. The final phase is the ampullary emptying—when
the lower esophageal sphincter (LES) returns to its preperistaltic state, that is closed,
shortened, and intrahiatal [1]. Abnormalities in any of the aforementioned phases
may elicit symptoms.

High-resolution manometry (HRM) findings were recently standardized by the
Chicago Classification that restructured the classification of the esophageal motility
disorders. It has gained broad acceptance worldwide while it divides disorders into
major (achalasia, esophagogastric junction [EGJ] obstruction, distal esophageal
spasm, jackhammer esophagus, absent contractility, end-stage achalasia) and minor
ones (ineffective esophageal motility and fragmented peristalsis). The HRM is
based on three key metrics: the integrated relaxation pressure (IRP), the distal con-
tractile integral (DCI), and the distal latency (DL) [2]. The combination of different
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abnormalities in those three topographic metrics is indicative of specific motility
disorders [3].

Achalasia is the main esophageal dysmotility disorder characterized by degen-
eration of the inhibitory myenteric ganglion cells of the esophagus [4]. Its central
condition is impaired LES relaxation. The HRM helps to identify three types of
achalasia based on the other pressure parameters: type I, no esophageal peristalsis;
type 11, pan-esophageal pressurization; and type III, premature spastic distal con-
tractions. Furthermore, preservation of the peristalsis in the context of an impaired
LES relaxation suggests a fourth phenotypic diagnosis: outlet obstruction such as
postoperative pseudoachalasia [5]. That is particularly important since the best ther-
apeutic approach and response to treatment may differ according to the subtype of
achalasia [6].

It is a rare disease with an incidence of around 1.6 per 100,000 and prevalence
around 10.8 per 100,000 [7]. More than 90% of patients suffer from dysphagia but
other frequent symptoms are regurgitation, heartburn, and chest pain [8]. The HRM
is the main diagnostic tool but upper endoscopy and upper contrast studies may also
corroborate and help classify the severity of the disease, especially in an altered
anatomy context [3, 9, 10].

The exact physiopathology of the achalasia is not well understood but viral infec-
tion, genetic inheritance, and autoimmune diseases have been proposed as triggers
for esophageal achalasia [4]. In Southern countries, such as Brazil, a parasite called
Trypanosoma cruzi transmitted by an insect—the barbeiro—may infect the esopha-
gus, destroy esophageal ganglia, ultimately leading to the chagasic achalasia [9,
11]. Since no other obvious etiologic causes for achalasia have been unequivocally
identified to date, all but chagasic achalasia are still referred to as idiopathic.

In spite of the etiology, the classic gold-standard treatment for achalasia is the
surgical Heller’s myotomy, typically associated with a fundoplication to avoid long-
term gastroesophageal reflux disease (GERD) [9]. However, several endoscopic
techniques have been reported to address achalasia, each with different efficacy and
safety profiles. Botulinum toxin (BTxX) injection at the esophagogastric junction
(EGJ), pneumatic dilation (PD) with large balloons, and most recently the peroral
endoscopic myotomy (POEM) are the main endoscopic treatment modalities [12—
14]. The aim of this chapter is to review and summarize the current role of these
endoluminal approaches to treat achalasia and other dysmotility disorders.

Botulinum Toxin (BTx) Injection

The BTx is a neurotoxin that acts through a strong binding to the presynaptic
cholinergic-nerve terminals, ultimately inhibiting the acetylcholine release from
nerve endings [15]. It impairs muscular contractility and may also lower smooth
muscle tone in the gastrointestinal (GI) tract [16]. In 1994, Pasricha et al described
the first human use of the BTx injections in the EGJ to treat achalasia. Ten patients
with achalasia underwent one to three sessions of BTx injections. Six patients
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presented clinical improvement sustained up to 1 year, three had an initial improve-
ment but relapsed within 2 months, and one did not improve (treatment failure) [16].

A posterior study from the same working group was published 2 years later.
Among the 31 patients who underwent BTx injections, 28 improved initially but
only 20 had a sustained improvement beyond 3 months (so-called responders).
Ultimately, 19 out of the 20 responders relapsed at a median follow-up of 468 days
(153-840 days) [12].

However, in time, robust data from controlled randomized trials succeeded in
proving the superiority of either the surgical approach (Heller’s myotomy) or the
pneumatic dilation (PD) over the BTx injection. Vaezi et al enrolled 42 patients that
were randomly allocated to either BTx injection or PD. The pneumatic dilation car-
ried the same initial failure rate but higher remission rates at 12 months (70% x
32%, p < 0.05). Moreover, PD significantly reduced symptom scores, lowered LES
pressure and the esophageal barium column height, while BTx resulted only in a
reduction in symptom scores [17]. Accordingly, a recent systematic review pub-
lished in the Cochrane Database included seven randomized studies comparing
those two endoscopic modalities. The authors firmly concluded that PD was more
effective than BTx in the long term (greater than 6 months) [18].

As to comparisons with the Heller’s procedure, Zaninotto et al randomly allo-
cated 40 patients to BTx injections in the EGJ and 40 to surgical myotomy in 2004.
Except for slightly lower symptom scores favoring surgery, most results were com-
parable at 6 months. Nonetheless, 65% of BTx patients recurred at 2 years; thus, the
probability of being symptom-free at 2 years was 87.5% after myotomy and 34%
after BTx (p < 0.05) [19].

Consequently, the transient effect of the BTx diminished significantly its role in
the endoscopic armamentarium against achalasia. Currently, most authors consider
BTx only for patients not amenable to more invasive procedures such as PD, POEM,
or surgery [13, 20].

Pneumatic Dilation

The pneumatic dilation of the LES is usually performed under both endoscopic and
fluoroscopic guidance. A prior upper GI endoscopy with esophageal chromoscopy
is strongly recommended due to the high risk of squamous cell cancer in achalasia
patients [21]. Initially, the distance from the EGJ to the superior dental arch is endo-
scopically measured and later used to help to position the mid portion of the balloon
exactly over the LES. Then, the endoscopist places a large diameter, catheter-based,
noncompliant, over-the-scope balloon (Fig. 12.1) across the EGJ using fluoroscopy
and the previous measurement. The balloon is gradually inflated using a handheld
manometer up to 1.4 psi to reach 30 mm in diameter (Fig. 12.2). Further sessions
dilation up to 40 mm may be needed in cases of relapse or poor initial response. This
specific technique has been described to have less serious adverse events and mor-
tality than the surgical myotomy [22].
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Fig. 12.1 Picture of the
handheld manometer and
the achalasia balloon

Fig. 12.2 Pneumatic dilation procedure: (a) endoscopic identification of the esophagogastric
junction; (b and ¢) placement of external radiopaque marks at the esophagogastric junction (EGJ);
(d) placement of the metallic guidewire in the antrum towards the esophagogastric junction; (e)
marking the balloon with tape according to the distance from the superior dental arch to the EGJ;
(f and g) introduction of the balloon over the wire until both marks match; (h) fluoroscopic appear-
ance of the inflated pneumatic balloon
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Browne and McHardy published the first description of PD to treat achalasia in
1939 [23] and Benedict EB reported the first comparison of dilation and surgical
myotomy in 1964 [24]. Decades later, the good outcomes of the PD rendered this
modality a plausible alternative to the surgical myotomy [25, 26].

The most robust article to date is a European multicenter controlled trial compar-
ing the endoscopic dilation and the laparoscopic Heller’s myotomy (LHM).
Published in 2011, this study enrolled 201 newly diagnosed patients allocated either
to PD (n =95) or to LHM (n = 106) who were followed for a mean of 43 months.
The therapeutic success rates (Eckardt score < 3 [27]) for the PD group were 90%
and 86% at 1 and 2 years, respectively, while 93% and 90% for the LHM group in
the intention-to-treat analysis (p = 0.46). Accordingly, there was no difference
between groups regarding LES pressure, the height of the barium-contrast column,
and quality of life at 2 years. The perforation rate during PD was 4% and the rate of
mucosal tears during LHM was 12% (p = 0.28). This study concluded that there
were no relevant differences in terms of efficacy and safety of the PD compared to
the LHM [28]. The following study with a 5-year evaluation confirmed those find-
ing at a longer term except for a need for redilation of 25% in the PD group [29]. A
recent meta-analysis also reported similar results [26].

As a consequence of the aforementioned data, the endoscopic pneumatic balloon
dilation of the LES remains as a relevant alternative to surgical myotomy [20].

Peroral Endoscopic Myotomy (POEM)

The first description of an endoscopic esophageal myotomy was reported in an ani-
mal study by Pasricha et al in 2007 [30]. In 2010, Inoue et al published the first
human feasibility study describing the POEM in 17 patients [31]. Despite being a
recently developed procedure, it has gained worldwide acceptance. Despite the lack
of controlled studies, series as large as 1000 patients are currently available, which
hardly classify POEM as an experimental procedure [14].

This procedure is usually performed under general anesthesia with the patient in
left lateral decubitus or supine position. The first step of the procedure is to measure
the distance between the superior dental arch and the EGJ. Around 6 to 10 cm crani-
ally to the EGJ, the operator injects saline with indigo carmine to create a submuco-
sal cushion and then incise the mucosa. Using a cone-shaped cap attached to the end
of the scope, the endoscopist manages to enter the submucosal space and dissects
this layer caudally up to 2—4 cm below the EGJ. Then, under complete endoscopic
visualization and control, the muscularis propria layer of the stomach just below the
LES, the LES itself, and the muscularis propria layer of the esophagus are cut in a
distal-to-proximal fashion. Finally, the mucosal incision is closed using a sequence
of endoclips [32] (Fig. 12.3). Several technical particularities exist among different
centers and experts, namely, anterior or posterior wall tunneling [33], full-thickness
(circular and longitudinal) or circular-only myotomy [34], and length of the myot-
omy [35]. However, there is still no consensus among studies on the impact of those
technical dissimilarities in short- or long-term outcomes.
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Fig. 12.3 The peroral endoscopic myotomy (POEM) procedure: (a) injection at the mid esopha-
gus to create a submucosal cushion; (b) mucosal incision; (¢ and d) submucosal tunneling; (e)
full-thickness endoscopic myotomy showing the longitudinal muscular layer completely cut; (f)
final mucosal clipping. (Gentle courtesy from Dr. José Eduardo Brunaldi)

In spite of the lack of randomized controlled trials (RCTs) comparing POEM to
LHM, robust data certify the effectiveness of POEM in most clinical scenarios. In
2015, Inoue et al. reported a series of 500 POEM cases. Approximately 82% of
patients had nonsigmoid esophagus but almost 40% had previously undergone treat-
ment for achalasia (PD, BTx injection or LHM). At 2 months, the authors reported
significant reductions in Eckardt score (6.0 + 3.0 vs. 1.0 = 2.0, p < 0.0001) and in
LES pressure (25.4 = 17.1 vs. 13.4 = 5.9 mmHg, p < 0.0001), both sustained at
3 years post-POEM. As a long-term adverse effect, 16.8% and 21.3% of patients
presented GERD at 2 months and 3 years, respectively [32].

Although full text is not available yet, a randomized trial including 133 therapy-
naive patients comparing POEM to PD was published in 2017. At 1 year, 92.2% of
POEM patients had clinical remission (Eckardt score < 3) versus 70% of PD
patients (p < 0.01). There were two serious adverse events in the PD group (1 per-
foration, 1 chest pain requiring admission) and none in the POEM group. However,
48% of POEM patients had esophagitis versus 13% of PD patients (p < 0.01) after
proton pump inhibitor (PPI) cessation at 1-year follow-up.

Patel et al recently published a systematic review and meta-analysis assessing the
efficacy and safety of POEM to treat achalasia. In a noncomparative analysis, the
article included 22 studies with a total of 1122 patients. The pooled average pre- and
post-POEM Eckardt score were 6.8 = 1.0 and 1.2 + 0.6 (p < 0.01), respectively.
Accordingly, the authors demonstrated reductions by 66% and 80% in the LES
pressure and timed barium esophagogram column height, respectively. Three com-
parative noncontrolled studies were also included in this meta-analysis. Comparisons
with LHM showed similar total adverse events rate and incidence of perforation but
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shorter length of stay and operative time for POEM [36]. Another systematic review
exclusively investigated comparisons with LHM. Fifty-three studies enrolling 5834
patients undergoing LHM and 21 articles with 1958 patients undergoing POEM
were included. The predicted probabilities for improvement in dysphagia at 12 and
24 months were 93.5% and 92.7% for POEM versus 91.0% and 90.0% for LHM
(both p = 0.01). However, patients who underwent POEM were more likely to
develop GERD symptoms, erosive esophagitis, and altered pH monitoring com-
pared to LHM. In contrast to the previous systematic review, the authors found the
length of hospital stay to be 1.03 days longer after POEM than LHM (p = 0.04) [37].
Nonetheless, there are still no controlled data comparing those two therapeutic
modalities but a few ongoing trials shall fill this gap in the near future and might
confirm the aforementioned results.

Reliable international experiences have also demonstrated good efficacy and
safety profile of POEM to address achalasia in the pediatric population [38], in
patients who relapsed or failed primary POEM [39], and to treat cases of failed
LHM [40, 41].

The main shortcoming of the POEM is the development of GERD. The destruc-
tion of the most important antireflux mechanism without associating a fundoplica-
tion ultimately favors gastric content reflux into the distal esophagus. Studies report
GERD in up to 46% of patients after POEM [20]. A recent systematic review includ-
ing 45 studies and more than 4000 individuals compared POEM to LHM in terms
of GERD. The pooled rate of esophagitis assessed by upper endoscopy was 29.4%
and 7.6% after POEM and LHM, respectively. The pooled rate estimate of abnormal
acid exposure at pH monitoring was 39% and 16.8% after POEM and LHM, respec-
tively [42]. Therefore, strict follow-up focused on preventing long-term complica-
tions of GERD is strongly recommended for POEM patients.

In an attempt to address this drawback, Inoue et al reported a series of 21 cases
associating a NOTES fundoplication with the standard POEM. After performing the
full-thickness myotomy, the endoscopist managed to enter the abdominal cavity
incising the peritoneum at the anterior wall of the stomach. Using a combination of
an endoloop and endoclips, the fundus was retracted at the EGJ thus creating a fun-
doplication. The authors reported no immediate or delayed complications of the
procedure. Accordingly, length of stay and use of analgesia were similar to the con-
ventional POEM. The fundoplication added a mean of 51 minutes to the procedure.
At 2 months, 20/21 patients (95%) had a wrap across the EGJ consistent with an
intact plication [43]. Despite being the only available study to date describing this
technique, the rationale is exciting. Further studies are needed to assess its effective-
ness at preventing long-term GERD.

Treatment Options According to the HRM

The introduction of the HRM in the management of esophageal motility disorders
allowed the identification of new predictive factors for good response to treat-
ment. The subdivision of types of achalasia is one of the most important among
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them. In spite of the treatment modality, the type II achalasia has good response
rates over 90% in most studies. On the contrary, type III carries the worst out-
come: good outcome rates as low as 30% for endoscopic treatments other than
POEM and as low as 69% for LHM. Finally, the type I achalasia has intermediate
outcomes [6, 44-46].

In fact, since the Chicago Classification was released [2], it was possible to cre-
ate phenotypes instead of purely labeled diseases, thus allowing guidance according
to the topographic finding. In this sense, that is the major advantage of the POEM
procedure: the possibility to increase the length of the myotomy as needed and
eventually even guide by the HRM findings. Khan et al recently published a meta-
analysis pooling data from uncontrolled POEM series and analyzed response rates
according to the manometric diagnoses. Contrary to previous data, the authors
showed a pooled response rate of 92% for type III achalasia with a mean myotomy
length of 17 cm. Moreover, this same treatment provided good responses in 72% of
patients with Jackhammer esophagus and in 88% of patients with distal esophageal
spasm. Such long myotomy rendering POEM effective in these contexts corrobo-
rates the rationale of treating according to HRM topographic findings on a case-by-
case basis [47].

In this sense, a very experienced group from Japan created a therapeutic algo-
rithm grouping motility disorders according to specific topographic findings that
ultimately define treatment particularities. Tuason and Inoue proposed the categori-
zation of disorders in three groups: group 1 (achalasia type I, type II, and EGJ out-
flow obstruction), group 2 (type III achalasia), and group 3 (Diffuse esophageal
spasm and Jackhammer esophagus). The best approach differs according to the
group: group 1 should undergo standard POEM, group 2 should undergo extended
myotomy, and group 3 should undergo LES-preserving myotomy of the esophageal
body [20] (Fig. 12.4). This algorithm is novel and currently, no controlled data
derives from it. Nevertheless, it seems extremely accurate at customizing treatment
according to the origin of the disorder.

Group 1
Type ll

Fig. 12.4 Therapeutic algorithm for peroral endoscopic myotomy according to high-resolution
manometry findings. (Gentle courtesy from Dr. Ricardo Brandt and Dr. Leticia Roque). EGIOO
esophagogastric junction outflow obstruction, DES diffuse esophageal spasm, POEM peroral
endoscopic myotomy, LES lower esophageal sphincter
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Once again, controlled data are needed to prove the effectiveness and safety of
POEM compared to LHM. In the meantime, robust non-controlled data may sup-
port the routine employment of POEM to treat achalasia. Finally, future randomized
controlled trials must assess the impact of the aforementioned customization of the
endoscopic approach on long-term efficacy. As to other endoscopic treatments, bot-
ulinum toxin injection at the EGJ has currently very limited indications but PD is
still firmly established as a plausible alternative to surgery especially for type II
achalasia.
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Kelly R. Haisley and Lee L. Swanstrom

Introduction

Esophageal motility disorders can present with a wide array of clinical symptoms
and dynamic differences in esophageal function, which makes recognition of treat-
ment failures complicated. While achalasia is the best defined disorder of esopha-
geal motility, there are other diagnoses that fall outside the achalasia definition,
including esophageal outflow obstruction, major disorders of peristalsis (diffuse
esophageal spasm (DES), hypercontractile esophagus, absent contractility), and
minor disorders of peristalsis (ineffective esophageal motility, fragmented peristal-
sis) [1]. While esophageal relaxing medications such as calcium channel blockers or
endoscopic approaches such as Botox or dilation are often applied for short-term
symptom relief, surgical myotomy is the most commonly applied technique (thora-
coscopic, laparoscopic, or endoscopic) for definitive management of esophageal
motility disorders. Esophageal myotomy is effective for both hyper-contractile dis-
orders (in which cutting the muscle decreases its ability to spasm) and hypocontrac-
tile disorders (in which cutting the LES allows for easier bolus clearance either by
weak peristalsis or gravity). With appropriate initial workup and a fastidious surgi-
cal technique, myotomy can have an 80-90% initial clinical response rate when
applied to appropriately selected patients [2].

Nevertheless, some patients will develop recurrent symptoms after myotomy.
The recommended treatment course after a failed motility procedure is not well
defined and no randomized trials have been conducted to date [3]. Management
choices depend primarily on the patient’s clinical symptoms, severity of disease,
and the cause of the treatment failure. Depending on individual factors, treatment
options may include medical management, pneumatic dilation, surgical revision, or
conversion to an alternate surgical procedure [3].
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Rates of Motility Treatment Failure

Despite high rates of early treatment success, recurrent dysphagia or other symp-
toms will return in approximately 10-20% of patients in the years following their
index operation. Despite these relatively high rates of recurrent symptoms, the need
for operative re-intervention remains low. In a retrospective analysis of more than
12,000 patients undergoing Heller myotomy over a 38-year period, Gouda and col-
leagues showed a rate of reoperation of only 6.2% [4]. Of note, these re-interventions
generally did not take place until 8-9 years after the initial operation, indicating
either a late recurrence or that many patients live with these symptoms for an
extended period before getting treatment [3].

POEM (per-oral endoscopic myotomy) is a newer treatment for motility disor-
ders, with less than 10 years of outcomes data, and therefore less knowledge of the
causes of treatment failures and rates of re-intervention in POEM patients. A recent
5-year follow-up by Teitelbaum et al. suggests that there is a small but significant
worsening of symptoms between 2 and 5 years, though the clinical relevance of this
remains to be seen. However, only three patients of 36 (0.8%) in this study required
re-intervention in this period, two for recurrent dysphagia and one for the new onset
of GERD (gastroesophageal reflux disease) [5]. Longer term outcomes and rates of
re-intervention remain to be defined.

In total, these data suggest a moderate rate of recurrent symptoms (20-30%) fol-
lowing operative treatment for motility disorders, but a low rate of need for inter-
vention following surgical myotomy (0.8-6.2%).

Symptoms of Motility Treatment Failure

The clinical course after surgical myotomy can be challenging to follow as symp-
toms and recovery are highly subjective. A well myotomized esophagus, in the
setting of either primary aperistalsis due to achalasia or induced aperistalsis due to
a long myotomy, will never truly function normally, and as such, some degree of
swallowing abnormality is likely to persist for many patients who have had these
procedures. However, failure to have any improvement after myotomy, or worsen-
ing dysphagia after a period of improvement, should raise clinical concern for treat-
ment failure. By far the most common presenting symptom of a failed motility
procedure is dysphagia, with a mean time to recurrence of approximately 1.5 years
after the index operation [6]. Other less specific symptoms can also certainly
develop, including persistent chest pain or gastroesophageal reflux disease (GERD)
symptoms such as heartburn or regurgitation. The presenting symptom will depend
somewhat on the reason for treatment failure and should help guide the clini-
cal workup.
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Table 13.1 Indications for Incomplete myotomy 50%

re-intervention after motility Gastroesophageal reflux disease 30%

procedures Megaesophagus 16%
Others 4%

Reasons for Motility Treatment Failure

There can be a number of reasons for treatment failure after surgical myotomy
(Table 13.1), and the optimal treatment approach will ultimately depend on the eti-
ology of the failure, the impact on quality of life, and the patient’s surgical risk
profile. The specific reason for recurrence may also predict the likelihood of suc-
cessful intervention. Veenstra and colleagues showed that while re-intervention for
dysphagia related to an incomplete myotomy or a failed fundoplication will have
long-term success rates of approximately 75%, those rates drop dramatically to
0-40% if the cause of the recurrent dysphagia is related to a mucosal stricture or
significant fibrosis [7]. For these reasons, a thorough investigation and understand-
ing of the cause of treatment failure is essential in designing an appropriate treat-
ment plan.

Incorrect Indication for Initial Surgery

Given the challenges in diagnosing motility disorders, it sometimes occurs that a
treatment failure is related to a simple misunderstanding of the primary motility
disorder prior to the index operation. Esophagogastric junction outflow obstruction
(EJGOO) can be a particularly challenging clinical entity. While an elevated IRP is
characteristic of both EGJOO and achalasia, EGJOO is a distinctly different clinical
entity than achalasia, as peristalsis is typically preserved and the LES failure may be
intermittent. EGJOO can be caused by a number of different clinical entities, such
as GERD, PEH, or even cancer. Recent reports suggest that in the setting of EGJOO,
in spite of traditional approaches focusing on relieving the obstruction with endo-
scopic dilation, Botox, POEM, or laparoscopic myotomy, relatively few patients
respond well in terms of symptom resolution and surgical treatment should be con-
sidered with caution [1]. In fact, a myotomy in EGJOO can even cause worsening
symptoms if, for example, their true underlying disease process was GERD. For this
reason, review of the initial workup and motility is an important key in treating
these patients.

Primary Surgical Failure
If the patient fails to have the expected response from their procedure in the imme-

diate postoperative period, a primary surgical issue should be considered. This may
include incomplete myotomy or a problem with the fundoplication. Certainly a
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grace period to allow for resolution of postoperative swelling and general recovery
should be allowed, though some authors prefer revisional surgery as the first step in
the treatment algorithm if dysphagia is early onset (<3 months) rather than any
attempts at endoscopic dilation [3]. Later presentations of dysphagia are less likely
to be due to a primary surgical failure and treatment will depend more on the deter-
mined specific cause of the symptoms.

Incomplete Myotomy

Incomplete myotomy is the most common indication for re-intervention after a sur-
gical myotomy, responsible for around 50% of all revisional operations [4]. This
should certainly be the first suspicion when evaluating a patient with recurrent dys-
phagia after myotomy and can be related to either inadequate proximal or distal
extent of the myotomy. Studies have shown that an extended myotomy at the initial
procedure reduces relapse rates from 17% to 5% and the need for re-intervention
from 7% to basically 0% [3]. When incomplete myotomy is suspected as the cause
of symptoms, surgical extension of the myotomy, either laparoscopically or endo-
scopically, is likely to be effective. While this can certainly occur in achalasia if the
myotomy is not extended all the way through the high pressure zone, it is particu-
larly likely in cases of non-achalasia motility disorders, such as diffuse esophageal
spasm (DES) and Jackhammer esophagus that involve the entire esophagus. As the
problematic portion of the esophagus may extend well above a traditional LES
myotomy, a classic laparoscopic Heller myotomy (LHM) may result in an incom-
plete myotomy being performed, simply due to the technical limitations of extend-
ing a long myotomy from an abdominal approach. While VATS can be performed to
lengthen this dissection, it does add some morbidity. POEM can be more effective
in this regard, but incomplete myotomy is still possible if there is missed division of
circular fibers or incomplete proximal or distal extension due to misidentification of
landmarks or measurements.

Gastroesophageal Reflux Disease (GERD)

New or recurrent GERD is always a concern after myotomy and is the second most
common indication for late reoperation in this population, making up 30% of redo
cases [3]. This is a particular concern in pneumatic dilation and POEM, which typi-
cally do not include any fundoplication. Even in the case of a myotomy with fundo-
plication, wraps do have a progressive rate of failure, which can lead to the
development of post-myotomy GERD. Furthermore, although current approaches
for LHM generally include a fundoplication, this was not always the case in previ-
ous eras and its presence cannot necessarily be assumed [4].

The rates of increased acid exposure in the distal esophagus after POEM are
consistently around 30% on objective testing, nearly twice that of the early rates
reported for LHM patients with fundoplication [8]. It should be noted, however, that



13 Redo Interventions in Failed Procedures 153

quality of life scores seem to be fairly similar between the two groups and that most
patients with post-myotomy GERD (POEM or LHM) are easily managed with med-
ications alone [9]. Reflux can also be the cause of dysphagia (due to esophagitis or
peptic strictures), in which case aggressive PPI therapy is indicated as first-line
treatment before surgical re-intervention [3]. However, in rare cases, revisional sur-
gery may be required if symptoms are severe or if patients have a contraindication
to long-term acid suppression medication.

Failed Fundoplication

In patients undergoing LHM with fundoplication, wrap failures can cause signifi-
cant symptoms. A loose or dehisced fundoplication can lead to GERD, as men-
tioned above, while a slipped, overly tight, or herniated fundoplication may be
associated with dysphagia or pain. Wrap failure is the reason for reoperation in
approximately 25% of failed Heller myotomies [7]. In these cases, treatment may
need to be focused on the wrap rather than the myotomy.

Ineffective Esophageal Motility/Pan-Aperistalsis

Many severe dysmotility disorders, aside from achalasia, are part of a progressive
disease process that can lead to the subsequent deterioration of the motor function
of other parts of the GI tract, including proximal esophagus, stomach, and small and
large intestines. Therefore, recurrent dysphagia or regurgitation may develop even
in the face of a successful LES myotomy [4]. Treatment options for generalized
ineffective motility or pan-aperistalsis are less robust as there is no available method
to restore esophageal motility once lost. Treatment goals in these cases should focus
on esophageal emptying, chest pain mitigation, and controlling reflux. In these
cases, expectation management is extremely important. Despite aggressive and
appropriate treatment, these complex cases can lead to progressive dilation with
megaesophagus and end-stage failure, which eventually becomes the indication for
surgery in 16.2% of patients who require revision after LHM [4]. When the esopha-
gus progresses to this point, esophagectomy may be the best option for the patient.

Esophageal Cancer Development

Patients with achalasia have an elevated risk of squamous cell carcinoma due to
chronic stasis, inflammation, and increased exposure to carcinogens in the diet. This
risk persists even in treated patients and may be as high as 3%—considerably higher
than the general population. This stresses the importance of continued lifelong sur-
veillance of all patients who have undergone myotomy for achalasia [3, 4]. In addi-
tion, increased acid exposure in the distal esophagus from GERD after myotomy
can also theoretically put the patient at risk of intestinal metaplasia (IM) and the
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development of adenocarcinoma. When identified, these patients should be treated
along standard esophageal metaplasia/dysplasia/cancer protocols regardless of their
concomitant motility disorder [10].

Other Causes of Treatment Failure

Other possible causes of recurrent symptoms after surgical myotomy include but are
not limited to diverticulum, healing/closure of the myotomy, and acute surgical
complications such as bleeding and seroma/abscess.

Patient Workup

When a patient returns with persistent or recurrent symptoms after surgical myot-
omy, the first priority is to complete a thorough workup to identify the cause of the
failure and to tailor a specific treatment plan for the patient moving forward [11].

Upper Gastrointestinal Series (UGI) +/— Barium Tablet

An UGI is an important starting point in understanding treatment failure after motil-
ity surgery. Contrast evaluation provides valuable information about the anatomy of
the esophagus, particularly if the preoperative films are available for comparison.
UGI can identify many fundoplication issues, hiatal hernias and will document ana-
tomic evolution of the esophagus such as sigmoidization or end-stage dilation that
could add to the difficulty of any redo interventions, particularly POEM (Fig. 13.1).
It will further allow for the identification of any diverticulization that may have

Fig. 13.1 UGI series showing recurrent achalasia with significant dilation and sigmoidization of
the esophagus 15 years after laparoscopic Heller myotomy
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developed from an intrathoracic myotomy site and could be contributing to symp-
toms. UGI may show also the presence of esophageal spasm, which can be a valu-
able diagnostic tool, particularly if the patient is symptomatic at the time of the test.

A formal timed barium swallow in addition to the standard UGI is extremely
helpful in the setting of motility disorders, as this will quantify the degree of delayed
emptying and can be an objective follow-up tool for success or failure. A barium
tablet may be particularly useful to assess the location of any transit delay if solid
dysphagia is the main presenting symptom.

UGI may be particularly helpful in identifying which patients are likely to ben-
efit from redo myotomy, with those patients who have limited dilation and tortuosity
being more likely to respond to redo myotomy, while those with massive esopha-
geal dilation or significant tortuosity being more likely to benefit from esophageal
resection [12].

Esophagogastroduodenoscopy (EGD)

Upper endoscopy (EGD) should be performed in all patients with recurrent symp-
toms after motility surgery to evaluate for structural abnormalities or other unex-
pected pathology (especially cancer) that could be causing symptoms. As discussed
above, GERD may lead to esophagitis, ulcers, or strictures that may be better man-
aged with medical therapy once diagnosed. Retained food or liquid in the esophagus
or stomach on EGD is also helpful in understanding the degree of delayed esopha-
geal or gastric emptying. If a fundoplication is present, its position and structure can
be evaluated with visual inspection to determine if a wrap failure is present.
Sometimes, an incomplete myotomy can be appreciated by feeling resistance to
passage of the scope, hinting at the location of the failure. In cases where there is
question, functional luminal imaging (Endoflip, Medtronic, Ireland) measurements
can be taken to help better define any areas of narrowing and identify if an incom-
plete myotomy is present based on a persistent waist of high resistance [13].

High-Resolution Manometry (HRM)

High-quality manometry is essential to the understanding of the relationship of
motility disorders of the esophagus and symptoms. While motility studies are cer-
tainly important before undertaking an initial operation, they are extremely valuable
in understanding treatment failure, as they may detect a misdiagnosis in the initial
surgery or a clinical change over time. Repeating manometry can allow for a com-
parison of the LES pattern and pressure before and after surgery to assess for incom-
plete myotomy and the degree of remaining peristalsis. In cases of Jackhammer
esophagus or DES, motility will show whether hyper-contractile or spastic seg-
ments remain proximal to the area of the previous myotomy, or if new proximal
spasm has developed. High-resolution manometry with impedance in combination
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Fig. 13.2 High-resolution manometry performed 15 years after a laparoscopic Heller myotomy
in a patient with recurrent dysphagia to solids with the catheter unable to be threaded past the LES
with pan-esophageal pressurization from fluid stasis

with the revised Chicago classification provides the most comprehensive evaluation
of esophageal function and should be a part of a standard foregut workup
(Fig. 13.2) [14].

pH/Impedance

If post-myotomy GERD is suspected, it is important to confirm its presence through
objective pH testing as many of the symptoms and even some manometric findings
of motility disorders can be caused by reflux [1]. Contrarily, it is also well described
that GERD symptoms, and even lack of symptoms, are extremely unreliable indica-
tors of true gastroesophageal reflux [15]. A 48-h Bravo pH can be placed at the time
of EGD, or standard 24-h pH testing can provide similar information. Impedance
testing can be included with a standard pH to evaluate for non-acid fluid reflux,
though this data can be somewhat difficult to interpret in the setting of the esopha-
geal stasis that is common in esophageal dysmotility disorders and the data should
be interpreted with caution and by an expert.
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Gastric Emptying Study (GES)

Patients with esophageal motility disorders may have dysmotility in other parts of the
Gl tract as well. In the case of gastroparesis or delayed gastric emptying (DGE), backup
in the stomach can cause overflow reflux into the esophagus. Patients with this problem
typically complain of bloating, nausea, and early satiety in addition to their more clas-
sic reflux symptoms. If this is suspected or confirmed, treatment may be best focused
on improving gastric emptying rather than simply esophageal interventions [16].

Medical Treatments

Medical options for failed motility procedures are somewhat limited, though in the
setting of mild symptoms or high-risk patients, conservative treatment may be best in
some scenarios. If spasm, as evidenced by noncardiac chest pain, is a primary issue,
either new or persistent, esophageal relaxants such as calcium channel blockers
(Nifedipine) may be effective in a partially myotomized esophagus, even if the patient
had incomplete relief with these medications prior to their myotomy. Narcotics should
be avoided whenever possible in the case of esophageal pain as they are unlikely to be
effective and carry significant side effects and risks and can actually worsen esopha-
geal contraction strength or induce spastic peristalsis [17]. Botox is generally not rec-
ommended after a myotomy due to high failure rates and development of fibrosis [3].

Pneumatic Dilation (PD)

Pneumatic dilation is a good initial treatment choice in patients with recurrent dys-
phagia after myotomy, with 64—80% of recurrent patients (whether LHM or POEM)
having good results with PD [3]. PD is reported to have a high short-term success
rate of approximately 85% after failed Heller but requires a mean of 2.5 treatments
(range 1-3) [3]. Presumably, some of this effect would deteriorate over time, as is the
case in treatment naive achalasia patients who undergo pneumatic dilation, in whom
long-term effectiveness is only around 60% [3]. If pneumatic dilation is to be under-
taken after a myotomy, timing is important. The risk of perforation is highest in the
first 4 months after surgery, and it should be avoided in this time frame if possible. If
early dilation is needed, it can be still acceptable to dilate to 35-40 mm, but it should
be recognized that there is significant scar tissue, which will increase the risk of
esophageal perforation with more aggressive dilations [3]. After two dilations, if the
patient is not improved, it should be considered a treatment failure and surgical revi-
sion should be considered. Savary or wire guided dilations are also acceptable but are
less effective and should be used with caution in cases of sigmoid esophagus.

Many patients who undergo PD will continue to progress to needing formal sur-
gical re-intervention, whether by LHM or POEM. While there is no data to suggest
that a previous PD complicates success rates of a redo LHM, there is some conflict-
ing data on whether PD may lead to decreased success rates of POEM, but this data
is somewhat limited, particularly in the redo population [18, 19].
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Revision of the Index Operation
Redo Heller Myotomy

Redo Heller myotomy has been considered the mainstay of treatment for recurrent
dysphagia following LHM [3]. In the past, the majority of both primary and revi-
sional operations were performed open, though this has been largely replaced by
laparoscopic intervention since the 1990s [4]. Since 1995, more than 50% of Heller
myotomies being performed are done laparoscopically; however, only 2.3% of
reoperations are performed with minimally invasive approaches [4]. Nonetheless,
laparoscopic revisional Heller myotomy has been effectively applied in multiple
institutions with good outcomes [3, 6, 7]. These studies report between 73% and
89% clinical success rate of redo laparoscopic Heller myotomy [3, 18]. Case reports
of even second and third time re-myotomy have been published in an effort to pre-
serve the esophagus, but such operations should certainly only be undertaken by
very experienced surgeons [7].

When performing a redo LHM, the myotomy is best performed in a new orienta-
tion compared to the initial myotomy, preferably to the right side in case of eventual
need for an esophagectomy, in order to preserve the future gastric conduit. As the
most common reason for revision is an incomplete myotomy, one should ensure that
the myotomy is extended adequately both proximally and distally.

The rate of complications in redo LHM is higher than that in primary operations,
with a conversion to open rate as high as 6% [3]. Intraoperative mucosal perforation
is perhaps the greatest risk of redo LHM and occurs in as many as 20% of these
cases, fortunately such perforations when recognized intraoperatively seem to have
no clinical impact. There is no clear indication that previous pneumatic dilation
increases the risk of perforation [3]. In addition, the surgeon should be aware of the
type of fundoplication that was performed at the index operation as the risk of
mucosal injury is higher in patients who had a Toupet or no fundoplication com-
pared to those who had a Dor, probably because the exposed mucosa has adhered to
the undersurface of the left lobe of the liver [12]. However, with careful technique,
any mucosal perforations can generally be identified and repaired primarily without
a major negative impact on the patient’s course [7].

Redo POEM

Redo POEM has been shown to be technically possible, though compared to the
first-time POEM, clinical success rates are somewhat lower (around 85%) and
complication rates are slightly higher (around 17%) [20]. If this is to be under-
taken, the submucosal tunnel and myotomy should be performed in a new location
relative to the initial myotomy. While this approach is feasible, it should be noted
that these operations are often more complex, particularly in the case of sigmoid
esophagus, and can require more than double the operative time of a first-time
operation [19].
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Redo Fundoplication

Whether to perform a fundoplication at the time of a revision is a matter of some
debate. In the setting of a failed wrap, particularly due to herniation, slippage, or
dehiscence, a revision of the fundoplication is reasonable and may be what is neces-
sary to relieve symptoms, particularly if the wrap failure is felt to be the main prob-
lem. In this situation, as long as the original myotomy is adequate, there may be no
need to extend this at the time of take-back, and the focus of surgery can be on cor-
recting the wrap alone. The results of repeat motility should be taken into consider-
ation when deciding on the type of fundoplication to perform, though in general a
partial wrap is always recommended, either posterior (Toupet) or anterior (Dor) [21].
In rare cases in which the patient has completely preserved peristalsis and severe
reflux (e.g., a patient misdiagnosed as achalasia who had an inappropriate myotomy),
a full fundoplication may be possible, but this should be considered very carefully.
There are patients, however, who may actually be harmed by a fundoplication at
the time of a re-operative motility procedure, specifically those with megaesopha-
gus, significant tortuosity, or following multiple previous interventions. If esopha-
geal preservation is being attempted, a fundoplication may produce too much
resistance at the GE junction and lead to worsening esophageal deterioration. In this
rare clinical setting, a fundoplication may not necessarily be recommended [3].

Conversion to Alternate Surgical Procedure
Conversion from LHM to POEM

In cases where the patient’s indication for revision is related to incomplete myot-
omy, correction to a POEM is an attractive alternative to a redo LHM as it allows for
the creation of an extended myotomy more easily and less invasively than a laparo-
scopic revision. POEM is particularly interesting following LHM as most of these
patients have already had an anti-reflux procedure as part of their initial operation,
thus minimizing the risk of GERD following the POEM, which has been a theoreti-
cal criticism of the procedure [3].

Multiple centers have shown POEM to be safe and effective after a Heller myot-
omy with a 98-100% technical success and 81-100% clinical response rate [18,
22-24]. While this is slightly lower than that of first-time POEM in patients without
a previous Heller myotomy, it also appears to be slightly higher than the success
rates of redo LHM (73-89%), though no head-to-head randomized trials have been
performed [18, 24]. There do not appear to be increased complications in perform-
ing POEM in a patient with a previous LHR compared to a patient with no previous
myotomy [18]. Use of POEM is reported to have shorter OR time, less blood loss,
less post-procedural pain, shorter length of stay, and faster return to activities com-
pared to redo LHM [3, 18].

When performing POEM in a patient with previous surgical myotomy, the ante-
rior wall of the esophagus should be avoided so as to stay away from the previous
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scar tissue and dissection plane. While some authors recommend a posterior
approach, a lateral or 3 o’clock position will also allow for avoidance of both the
anterior dissection plane and the posterior major mediastinal structures and aorta [22].

Conversion from POEM to Heller Myotomy

Heller myotomy is a reasonable approach for patients with persistent dysphagia
after POEM, as long as it is determined that the reason for dysphagia can be
addressed by a more targeted intervention on the LES, such as an incomplete myot-
omy near the GE junction. It is also a valid approach if the patient is suffering from
uncontrollable reflux in addition to dysphagia and the workup suggests that a fun-
doplication is needed.

As POEM is typically performed in the lateral esophagus, this leaves the anterior
myotomy plane undisturbed and a traditional Heller myotomy can usually be per-
formed in the standard fashion. Limited reports regarding the feasibility of LHM
after POEM have shown it to be safe and effective [25].

Creation of a New Fundoplication

Most POEM patients and even some Heller myotomy patients will not have a fun-
doplication created as part of their index operation. While POEM patients who do
have GERD are usually well controlled with medications, those with severe symp-
toms or contraindications to long-term acid suppression medications may benefit
from a surgical fundoplication. If this is the case, and the myotomy appears to be
functioning well, it is reasonable to consider a primary surgical fundoplication if
they are meeting other clinical indications for intervention (objectively confirmed
reflux, symptoms, appropriate risk profile). Again, a partial fundoplication is favored
in the setting of a previously myotomized esophagus.

Other novel techniques have been proposed, particularly endoscopic fundoplica-
tions, either a transoral incisionless fundoplication (TIF) [26] or POEM-
fundoplication [27], but their safety and efficacy in the setting of previous myotomy
have not yet been fully evaluated.

Esophagectomy

In previous eras, primary myotomy failure was considered an indication for esopha-
gectomy [12]. However, more recent studies have shown that esophageal preserva-
tion is possible even in second and third time redo procedures in experienced hands
[7]. Nevertheless, progression to end-stage esophageal dilation, persistent chest
pain, very late onset dysphagia, or even severe refractory GERD may sometimes
require a “last resort” esophagectomy. While this treatment is very effective in elim-
inating the symptoms of dysphagia, particularly in patients with megaesophagus, it
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carries a relatively high complication and mortality rate and should not be generally
considered as a primary treatment approach. It should, however, remain in the treat-
ment algorithm for patients who have failed multiple less invasive procedures, and
it can provide favorable long-term outcomes [28].

Robotics

The role of robotics in foregut surgery continues to evolve and data remains some-
what limited. However, small studies have suggested that the 3D visualization with
the robot and fine motor abilities may be of particular benefit in myotomy and revi-
sional operations. Small series have suggested a decreased rate of mucosal perfora-
tion in the first-time Heller myotomy and decreased conversion to open in redo
surgeries when comparing the robotic approach to the laparoscopic approach,
though additional data is needed to confirm these findings [29].

Conclusion

Revisional motility surgery can be a difficult endeavor in regard to both diagnostic
subtleties and technical challenges. However, with appropriate workup and a clear
understanding of various motility disorders and the reason that treatments can and
do fail, revisional motility surgery can provide good clinical outcomes. The best
results in revisional motility operations are obtained at centers that can provide an
expert multidisciplinary approach familiar with the subtleties and challenges of
revisional motility surgery [11]. Successfully managing these patients requires a
thoughtful workup and careful treatment algorithm (Fig. 13.3).

Recurrent symptoms
after myotomy
Workup for cause of failure:
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Fig. 13.3 Treatment algorithm for recurrent symptoms after motility surgery
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Introduction

The esophagus is a muscular tube with the primary function of delivering swal-
lowed material (food and fluid) from the mouth to the stomach. It has an average
length of 25 cm measured from its origin at the neck level below the cricoid carti-
lage [1].

Anatomically, three different regions can be identified: the cervical esophagus,
the thoracic esophagus, and the abdominal esophagus. Functionally, the esophagus
can be divided into three areas: the upper esophageal sphincter (UES), the esopha-
geal body, and the lower esophageal sphincter (LES). The coordination of these
areas is crucial to ensure propulsion of the alimentary bolus from the pharynx into
the stomach [2].

The esophagus is composed of two groups of muscles, the outer layer of longitu-
dinal muscles and the inner layer of circular muscles. The outer longitudinal mus-
cles are responsible for contraction and allow the esophagus to shorten and elongate.
The inner circular layer is responsible for the squeezing motion that affects peristal-
sis and closure of the esophageal sphincters. Benign esophageal diseases include a
spectrum of nonmalignant diseases including gastroesophageal reflux disease
(GERD), motility disorders, hiatal hernia, Barrett’s esophagus, and diverticula of
different anatomic locations [3].
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Esophageal diverticulum (ED) is a mucosal pouch that protrudes from the esoph-
ageal lumen. ED is classified according to its location (pharyngoesophageal, mid-
esophageal, or epiphrenic), the layers of the esophagus that are involved (true or
false), and the mechanism of formation (pulsion or traction) [1].

ED is a rare clinical finding with a low prevalence of 0.06-3.6% based on previ-
ous population studies published. Most patients with ED are asymptomatic.
However, patients may present with dysphagia, heartburn, chest pain, belching,
pharyngeal bolus, halitosis, and cough. Treatment includes both nonsurgical and
surgical approaches based on a patient’s symptoms and overall fitness, anatomic
location, and associated diseases. The objective of this chapter is to describe the
general approach to workup and evaluation of ED [2, 3].

Clinical Presentation
Zenker Diverticulum

Zenker diverticulum (ZD), also known as pharyngoesophageal diverticula, was
described first by Dr. Abraham Ludlow in 1764. However, the common namesake is
from German pathologist, Frederick Albert von Zenker, who published in 1878 a
series of 27 patients with pharyngoesophageal diverticulum. ZD is the most com-
mon esophageal diverticulum. The prevalence is reported between 0.01% and
0.11% of the population, with approximately 50% of cases presenting in the seventh
and eighth decades; women are predominantly affected [4].

Clinical manifestations include, in order of frequency, esophageal dysphagia,
regurgitation of undigested food, aspiration, halitosis, and changes in voice. The
most common complications of this anatomical abnormality are the risk of aspira-
tion and the development of pulmonary conditions such as pneumonia as well as
potential perforation of the diverticulum. ZD is unlikely related to malignancy
development, however is associated with hiatal hernia, gastroduodenal ulcers, and
achalasia [5].

ZD arises within the inferior pharyngeal constrictor, between the oblique fibers
of the thyropharyngeus muscle and through or above the more horizontal fibers of
the cricopharyngeus muscle (the upper esophageal sphincter). Killian’s triangle is
the named area of weakness through which most pharyngoesophageal diverticula
protrude. Some authorities report that ZD is an acquired abnormality. The physio-
logic mechanism of this includes some degree of incoordination in the swallowing
mechanism, with an abnormally high intrapharyngeal pressure leading to protrusion
of esophageal mucosa and submucosa through the esophageal wall. Over time, and
with repeated mechanism, this results in subsequent diverticulum formation [6, 7].

As a structural abnormality, treatment is most commonly procedural based. Most
of the described interventions have in common techniques to relieve the relative
obstruction distal to the pouch through cricopharyngeal myotomy. The different
procedures involve the division of the cricopharyngeus muscle, followed by resec-
tion, imbrication, and obliteration of the diverticulum. Success rate is achieved in



14 Diverticulum: Workup and Evaluation 167

more than 90% of the cases overall, with low morbidity. Twenty percent of patients
may require reintervention to achieve acceptable clinical outcomes, depending on
technique used and experience of the proceduralist [8].

Midthoracic Diverticulum

Midthoracic diverticulum (MD) also known as midesophageal diverticulum is com-
monly associated with mediastinal granulomatosis disease (histoplasmosis or tuber-
culosis). MD is considered a true diverticulum due to the involvement of layers of
the esophageal wall [1, 3].

This rare and uncommon condition is found in less than 4% of fluoroscopic
esophagograms in adults. Described first by Rokitansky in 1840, MD is typically
located within 4-5 cm of the carina. These diverticula are usually asymptomatic and
most do not require interventions [9].

MD is thought to arise from adhesions between inflamed mediastinal lymph
nodes and the esophagus. By contraction, the adhesions create pull on the esopha-
geal wall with eventual diverticulum development. Patients with this clinical condi-
tion are typically asymptomatic and may present as an unsuspected finding.
However, a subset will develop dysphagia, belching, retrosternal pain, regurgitation,
heartburn, and/or weight loss. Complications are rare and include aspiration and
esophagobronchial fistula. Carcinoma has also been reported [10].

Only symptomatic diverticula require treatment. Larger and symptomatic diver-
ticula usually require surgery resection or diverticulopexy. After a complete preop-
erative workup including esophageal manometry in the absence of motor
abnormality, diverticulectomy alone is recommended. Without definitive evidence,
some authorities perform a simultaneous Heller myotomy with resection. The phys-
iological purpose of distal myotomy is to relieve any potential obstruction and mini-
mize the risk of staple line leak secondary to early postoperative esophageal lumen
pressurization [11].

Repeat intervention may be necessary for first failures of therapy. For elective
cases, reported mortality rate varies widely from 0% to 9%. Mortalities were found
to be related to mediastinitis due to leakage from the esophageal closure, and pul-
monary complications such as aspiration pneumonia [11].

Epiphrenic Diverticulum

Epiphrenic diverticulum (ED) was first described by Mondiere in 1833, who ini-
tially proposed that ED was secondary to increased intraluminal pressure. ED is
typically single; however, up to 10% of patients may have two or more esophageal
diverticula. Rarely, ED may be congenital (Ehlers-Danlos syndrome) or due to
trauma [12].

ED appears in the distal third of the esophagus, within 10 cm of the gastroesoph-
ageal junction, and is associated with motor disorders including achalasia,
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hypertensive lower esophageal sphincter, diffuse esophageal spasm, and nonspe-
cific motor disorders [13].

Patient symptoms may emanate from combination of abnormal peristalsis with a
poorly relaxing lower esophageal sphincter. Clinical manifestations include vomit-
ing, chest pain, epigastric pain, anorexia, weight loss, cough, halitosis, and noisy
swallowing. The relationship between symptoms and the diverticulum size is
unclear. Treatment of ED requires esophageal myotomy extending from the neck of
the diverticulum onto the gastric cardia for adistance of 1.5-3.0 cm. Diverticulectomy,
fundoplication, or repair of the hiatal hernia may also be necessary depending on
the associated conditions and defect size [14].

ED is often asymptomatic and do not always require surgical treatment. The suc-
cess rate with surgical approaches including minimally invasive techniques is about
85%. Not infrequently, patients may require more than one procedure to achieve
acceptable clinical improvements. Morbidity is related to potential leakage from the
suture line [15].

Intramural Pseudodiverticulosis

Intramural pseudodiverticulosis (IP) is a rare benign abnormality of the esophageal
wall, characterized by dilatation of the submucosal glands. IP is not considered a
true diverticulum. There is an increased risk of esophageal carcinoma in these
patients. IP was first reported in 1960 by Mendl et al., and close to 200 cases have
been published worldwide. Over three-fourths of cases of IP occur in the proximal
or midesophagus [3, 5].

The pathogenesis remains unclear; however, histologically submucosal glands
and excretory ducts have been identified in pathology specimens. IP impacts teens
and individuals in their fifties and sixties. Men are slightly more affected than
women. Patients with previous medical history of diabetes mellitus, esophageal
candidiasis, reflux esophagitis, chronic alcohol abuse, and corrosive acid injury
have a higher risk of IP. Several reports suggest a direct correlation between benign
esophageal diseases; however, other authors refer to an association with esophageal
cancer. Furthermore, over 90% of patients with this condition have an accompany-
ing stricture [5].

Considering the condition involves changes in the wall of the esophagus and
reduction of the lumen, the symptoms are primarily related to swallowing. Some
patients present with esophageal bleeding, vomiting with blood, and melena [16].
Difficulty swallowing solids is a typical symptom. Weight loss and anorexia is also
commonly found.

Treatment of IP is directed toward accompanying conditions and relieving symp-
toms. Interventions are often limited to endoscopic dilatations and care of underlying
esophageal conditions, including acid suppression therapy or treatment of fungal
infections. Surgical approaches are exclusively considered in rare cases and advanced
stage disease. Cho et al. reported that IP symptoms were markedly improved by
dilating the esophageal stricture accompanied with pseudodiverticulosis [17].
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Evaluation
Zenker Diverticulum

Contrast upper tract fluoroscopy is the preferred clinical imaging (dynamic study)
for diagnosis of ZD, typically with anteroposterior and lateral films. At the level of
the sternoclavicular joint, a typical outpunching on the dorsal surface of the esopha-
gusisvisualized;sizeandpositioncanbeassessed[5,7]. Esophagogastroduodenoscopy
(EGD) may also diagnose ZD and to exclude other pathology. Computed tomogra-
phy (CT) scan is also considered a valuable alternative in the evaluation process.
Manometry is not useful in routine diagnosis [9] (Fig. 14.1).

Midthoracic Diverticulum

Barium swallow is an appropriate study to identify the MD. Manometry is useful to
identify the cause of the diverticulum and directing therapy. However, this may be
difficult to perform if there is obstruction of passage of the motility catheter by the
diverticulum [3, 4]. CT scan is also useful to identify other associated esophageal or
extra-esophageal abnormalities [11] (Fig. 14.2).

Epiphrenic Diverticulum

Diagnostic evaluation includes a barium swallow, upper endoscopy, CT scan, and
esophageal manometry [7]. Barium swallow determines the size and demonstrates
where the diverticulum is located, which has implications in the accessibility of the

Fig. 14.1 Zenker
diverticulum view in the
esophagogastroduo-
denoscopy
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Fig. 14.2 Midthoracic
diverticulum view in
barium swallow

Fig. 14.3 Epiphrenic
diverticulum view in the
esophagogastroduo-
denoscopy

diverticulum based on surgical approach. Esophageal manometry is used to classify
the underlying motility disorder [12]. It is important to note that manometry results
may not always be abnormal. Considering the correlation between ED and esopha-
geal dysmotility, normal manometry results should not be used to define the surgical
management of the diverticulum alone (Fig. 14.3).
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Intramural Pseudodiverticulosis

IP is commonly diagnosed at the time of EGD. Endoscopic findings show evidence
of pseudodiverticulae, which are numerous resembling pits in the wall, generally
located in the upper esophagus [4]. Barium swallow is also used to evaluate IP [2].
The appearance is commonly flask shaped, located along the entire esophagus, and
sometimes seen in longitudinal rows, parallel to the long axis of the esophagus. Due
to the nature of this condition, esophageal biopsies are required. Manometry may
provide information to assist in the diagnosis as IP is associated with motility dis-
turbances [7].

Conclusions

Esophageal diverticula are rare entities in the spectrum of benign foregut diseases.
Assessment includes history and radiographic imaging, endoscopy, and often com-
plementary tests such as manometry and pH monitoring. In most cases, presence of
a lesion is not, per se, an indication for intervention, and this should be weighed
with patient symptoms, qualify of life, potential complications, operative risks, and
availability of a local surgical expert, considering the rarity of the disease.
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Introduction

Esophageal diverticula are outpouchings of esophageal mucosa and submucosa
classified based on both anatomic location and presumed mechanism leading to
their formation and enlargement. Possible locations include hypoesophageal (pha-
ryngoesophageal), mid-esophageal, or epiphrenic. Mechanisms of formation are
traction and pulsion. Traction diverticula result from pulling forces that originate
external to the esophagus. Classic examples are inflammatory reactions and scar
tissue formation from anterior spinal fixation and stabilization hardware or medias-
tinal lymphadenopathy. Pulsion diverticula result from a pushing forces created
from pressurization of the esophageal lumen, with mucosa herniating through
weaknesses in esophageal musculature. The most common esophageal diverticulum
is widely known by its eponymous designation, a Zenker’s diverticulum. A Zenker’s
diverticulum is a pulsion diverticulum that occurs in the posterolateral esophagus in
a natural weakness located superior to the cricopharyngeus muscle and inferior to
the thyropharyngeus (both are portions of the inferior constrictor muscle), known as
Killian’s triangle. Presentations and symptoms of esophageal diverticula vary some-
what by location within the esophagus. Diagnosis of esophageal diverticula typi-
cally follows a similar algorithm and is primarily made using barium contrast
esophagrams. Hypopharyngeal diverticula will be discussed in detail, as there has
been a wide array of advances in surgical approach over the past two decades and
these are the most common. Other esophageal diverticula, including mid-esophageal
and epiphrenic diverticula, will be discussed briefly as well. We use the term diver-
ticulum throughout this chapter; however, most diverticula discussed are in fact
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pseudodiverticula, wherein the mucosa and submucosa are herniated. True diver-
ticula of the esophagus do exist that involve all layers of the esophageal wall.
However, these are quite rare and are primarily traction-type diverticula of the prox-
imal and middle esophagus.

Incidence of Esophageal Diverticula

Hypopharyngeal diverticula are the most common diverticula of the esophagus,
they and make up more than 70% of all esophageal diverticula. A prototypical
patient presenting with a symptomatic hypopharyngeal diverticulum will be a male
sexagenarian or septuagenarian. While presentation at a younger age is possible,
hypopharyngeal diverticula noted under the age of 40 is virtually unheard of [1, 2].
Most published series report incidence of symptomatic hypopharyngeal diverticula,
and as such the true prevalence including asymptomatic individuals is likely
unknown. The best estimates of incidence that are published originate from England,
with an estimated incidence of roughly 2 hypopharyngeal diverticula per 100,000
persons per year [1, 3]. Prior studies have noted geographic variation in terms of
incidence of hypopharyngeal diverticula, which appear to occur with greater fre-
quency in Europe, the United States, and Canada when compared to Japan and
Indonesia, which may be related to variations in neck length [1, 4]. Mid-esophageal
diverticula comprise 10—15% of esophageal diverticula [5]. As opposed to hypopha-
ryngeal diverticula, mid-esophageal diverticula may arise from both pulsion and
traction mechanisms, and as such may also be either pseudodiverticula or true diver-
ticula involving all layers of the esophagus. Mid-esophageal diverticula are often
related to other disorders such as mediastinal lymphadenopathy, which may be
either extrinsic or intrinsic to the esophagus. Epiphrenic diverticula make up the
remainder of esophageal diverticula and are quite rare. Only hundreds of epi-
phrenic diverticula are reported in the literature [6]. Increased use of upper endos-
copy and cross-sectional imaging over the past three decades have led increased
detection of smaller, asymptomatic diverticula at all levels of the esophagus.

Pathophysiology of Hypopharyngeal Diverticula

The classically described Zenker’s diverticulum occurs superior to the cricopharyn-
geus in the previously described Killian’s triangle above the cricopharyngeal mus-
cle and inferior to the thyropharyngeus [7]. This occurs at the level of the sixth
cervical vertebrae. Two other rarer types of hypopharyngeal diverticula exist. One is
a herniation within the cricopharyngeus muscle where the upper oblique fibers of
the cricopharyngeus diverge from the lower transverse fibers (Killian-Jamieson tri-
angle), known as Killian’s diverticulum. The second occurs at the inferior border of
the cricopharyngeus and above the confluence of the longitudinal muscle fibers of
the esophagus (Larimer’s triangle), known as Larimer’s diverticulum. All produce
similar symptoms and are treated similarly. They are collectively referred to as
hypopharyngeal diverticula (see Fig. 15.1).
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Fig. 15.1 Potential anatomic locations of hypopharyngeal diverticula in relation to musculature
of the pharynx and proximal esophagus. (Reproduced from Kroh and Reavis [134]; Fig. 18.1)

The etiologic origin of hypopharyngeal diverticula has been a matter of debate
since it was first described by Zenker as a pulsion diverticulum. Specifically, it was
unclear if there was an antecedent disorder of coordination, muscle tone, or compli-
ance that initiated the process of diverticulization through over pressurization of the
hypopharyngeal region. Contemporary understanding is derived from both video-
fluorometric and manometric studies and focus on two abnormalities: anatomic
weakness of the muscles of the posterior pharynx adjacent to the upper esophageal
sphincter, and/or muscular dysfunction of the upper esophageal sphincter. The best
evidence comes from studies published in the early 1990s where a 6 cm sleeve cath-
eter for manometry with concurrent videofluorometric recording was performed in
patients with symptomatic hypopharyngeal diverticula [8, 9]. The experiments
showed that there was full manometric relaxation realized by the upper esophageal
sphincter, as defined by the hypopharyngeal wall losing contact with the recording
catheter. However, videofluorimetry revealed that relaxation was incomplete, and
specifically was reduced in comparison to controls. This resulted in increased pres-
sure through the segment as a food bolus passed, which was termed intrabolus pres-
sure [8, 9]. Thus, incomplete relaxation of the upper esophageal sphincter led to
increased hypopharyngeal pressurization, in particular in response to food bolus.
Histologic studies and muscle contractility studies of the cricopharyngeus offer
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additional supporting evidence for this theory [10]. Compared to normal controls,
patients with hypopharyngeal diverticula have slower and weaker muscular contrac-
tion with delayed relaxation of the cricopharyngeus. This is partially related to more
predominate type 1 muscle fibers [10]. Enzymatic function studies of histologic
sections have demonstrated decreased acetylcholinesterase and fewer neurofila-
ments, suggesting denervation may play a role as well [10]. In addition, histologic
samples of the cervical mucosa show an increase in overall collagen fibers and a
decrease in elastin content in the muscularis mucosa of the cervical esophagus,
which may indicate that the mucosa is also less compliant [11]. Worth noting for
these studies, however, is that the majority have been performed in patients that
have already developed symptomatic hypopharyngeal diverticula, thus it is difficult
to determine if noted changes were present and contributed to the formation of
diverticula, or occured secondarily after development of the diverticulum. While it
is most likely that a constellation of neuromuscular and histological changes must
exist to initiate the pathologic process leading to formation of a hypopharyngeal
diverticulum, a unifying theory does not yet exist. The ideal study to discover that
condition once would have to obtain functional studies, dynamic anatomic studies,
and histological samples from the hypopharynx and its associated musculature and
regular time points from a population with normal baseline structure and function of
their inferior pharynx and proximal esophagus, following by post hoc analysis to
compare those that eventually developed diverticula to those that did not. It is
unlikely, however, that a study of that nature could be feasibly accomplished.

Theories of impaired musculature relaxation and discoordination do not
stand opposed to complementary theories that anatomic variations may also
contribute. The hypopharynx has an inherent defect that behaves as a natural
point of weakness occurring between the oblique fibers of the thyropharyngeus
and the horizontal fibers of the cricopharyngeus, also known as Killian’s trian-
gle. Jos van Overbeek proposed individuals with longer necks may have a larger
Killian’s triangle. This may also explain regional variations in incidence, as
individuals from Western countries, where hypopharyngeal diverticula are more
common, tend to have both longer necks and a longer pharynx [4]. However,
this has not been supported by anatomic studies [12].

More recent technological advances shine new light on this subjection. The
advent of high-resolution video manometry has led to new classification schema for
motility disorders of the esophagus. High-resolution manometry studies detailing
the pharyngeal phase of swallowing are currently limited; however, comparison
between patients with hypopharyngeal diverticula and normal controls may better
elucidate and/or classify the nature of motility disorders associated with hypopha-
ryngeal diverticula. Impedance planimetry may also offer new insight. Impedance
planimetry uses an electrode area on a catheter surrounded by a balloon containing
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a conductive fluid. Signal processing is able to use the change the minor alteration
in the electric field produced by the changes in the balloon diameter to reconstruct
a profile of the upper esophageal sphincter. Measures of esophageal distensibility,
diameter, relaxation time, and pressure may be determined within the upper esopha-
geal sphincter [8, 13, 14].

Symptoms of Hypopharyngeal Diverticula

The predominant symptom of hypopharyngeal diverticula is progressive dysphagia,
which is present the vast majority of patients. There are two mechanisms that may
underlie dysphagia. The first is the aforementioned impaired relaxation of the upper
esophageal sphincter. The second is an effect of content of a food bolus preferen-
tially filling the diverticulum, impeding distension of the esophageal lumen by mass
effect. Filling of the diverticulum may also distort the esophagus, as the weight of
the contents of diverticulum causes traction and angulation of the esophagus. In
addition to dysphagia, regurgitation of undigested food even hours after ingestion
may occur. There are numerous reports of pills being found within hypopharyngeal
diverticula at the time of operative intervention, which would reduce the efficacy of
medications, since they are undigested. Other symptoms include halitosis, belching,
cervical borborygmi, globus pharyngeus, and recurrent respiratory infections from
unprovoked aspiration events. Boyce’s sign is a physical exam finding of a gurgling
mass present in the lateral neck, which, while rare, is pathognomonic for hypopha-
ryngeal diverticula.

Diagnosis of Hypopharyngeal Diverticula

When symptoms are present, diagnosis of hypopharyngeal diverticulum is typically
made by barium esophagography (see Fig. 15.2). In most cases flexible endoscopic
evaluation is also pursued to rule out other causes for dysphagia, in particular neo-
plasm (see Fig. 15.3). Given the increased use of both endoscopic investigations and
cross-sectional imaging, there is a proportion of hypopharyngeal diverticula that are
discovered incidentally in asymptomatic individuals. Diverticula vary in size, and
presumably grow slowly over time. Measures of diverticular size from the operating
room correlated well with radiographic studies, but do not correlated well with
dimensions determined endoscopically [15]. A number of authors have attempted to
classify hypopharyngeal diverticula in terms of size and presumed disease severity
[7]. These are summarized in Table 15.1, though their utility in a clinical setting is
relatively limited.
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Fig. 15.2 Lateral view of
the neck obtained from a
barium esophagram
demonstrating a typical
appearance of a
hypopharyngeal
diverticulum. The inset
depicts where size of the
diverticulum is measured
radiographically

Fig. 15.3 Endoscopic
view of a hypopharyngeal
diverticulum. In this
image, an endoscopic cap
has been attached to the
end of the endoscope. The
esophageal lumen (E)
appears on the left of the
image, and the
diverticulum (D) on the
right, separated by the
common wall or septum,
which contains the
cricopharyngeus muscle
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Table 15.1 Classification systems for Zenker’s diverticulum
Author/year Basis Stage 1 Stage 2 Stage 3 Stage 4
Lahey/1930 Appearance | Small Pear shape Glove- (No stage 4)
only mucosal fingered
propulsion shape
with
spherical
shape
Brombart and | Appearance/ | Thorn-like Club-like Bar-shaped Compression
Monges/1964 | size and diverticulum | diverticulum | diverticulum | of the
phase of (2-3 mm) (7-8 mm) (>1 cmin esophagus
deglutition visible only visible only length) with ventral
during during without displacement
contraction contraction esophageal
phase of phase of the compression
upper upper
esophageal esophageal
sphincter sphincter
Morton and Size <2cm 2-4 cm >4 cm (No stage 4)
Bartley/1993
Van Size One vertebral | One to three More than (No stage 4)
Overbeck and body vertebral three
Groote/1994 bodies vertebral
bodies

Notes: Adapted from Scher and Puscas [7]

Treatment of Hypopharyngeal Diverticula and Defining
Treatment Success

Surgical treatment of hypopharyngeal diverticula is generally reserved for individu-
als with symptoms. Both open transcervical and transoral options exist to treat
hypopharyngeal diverticula, with the best outcomes for smaller diverticula. Increases
in the use of cross-sectional imaging and endoscopy have increased the diagnosis of
small diverticula that are asymptomatic. While these do not warrant surgical repair
when asymptomatic, patients should be followed to expedite repair early, when
diverticula are smaller and result in less severe complications. In most studies, the
primary outcome has been resolution of symptoms, as this is the most clinically
meaningful outcome. However, metrics to track this quantitatively or semiquantita-
tively are varied by study. There are a number of scoring systems that have been
validated that assess severity of dysphagia and degrees of dysfunction. A full review
of these scoring systems is outside the scope of this chapter, and they are of greatest
utility in the research setting. In general, with current surgical techniques, greater
than 95% of patients should expect to garner symptomatic relief after surgical inter-
vention, though durability of symptom resolution will vary.

Recurrence may be defined based on symptoms or radiography. However, simi-
lar to paraesophageal hernia, radiographic evidence of recurrence may not corre-
late with symptomatic recurrence. The authors advise caution when interpreting
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studies that quote recurrence rates, as they are a function of both follow-up time
and the definition used to define recurrence in that particular manuscript. This is
particularly important in the literature that has emerged using flexible endoscopic
techniques in the past decade, as some patients undergo “multiple sessions” of
endoscopic intervention in a short time frame, with the recurrence quoted as the
recurrence from the time of full symptom resolution to relapse, as opposed to the
first intervention. Also, given that there may be underlying an esophageal motility
disorder in conjunction with hypopharyngeal diverticula, some recurrence of
symptoms may be attributable to dysmotility and not the presence of a new or
recurrent diverticulum.

Historical Perspectives on Surgical Management
of Hypopharyngeal Diverticula

An investigation into the management of hypopharyngeal diverticulum includes a
history of surgical innovation and ingenuity spanning more than a century. Both
open and transoral techniques have been developed and will be detailed. Given the
rarity of this condition, the bulk of the accumulated evidence is comprised of case
series and retrospective comparison studies. The evidence that is summarized below
demonstrates that there is a tremendous heterogeneity in techniques and devices
employed both historically and contemporarily. While the past two decades have
seen new application of a flexible endoscope, surgical treatment of hypopharyngeal
must simultaneously address two separate issues: division of cricopharyngeus mus-
cle to decrease pharyngeal pressurization and eliminating the ability of the pouch to
fill. The latter may be accomplished either by resection, inversion, suspension, or
elimination of the common wall shared by the diverticulum and esophagus.

Open Surgical Approaches for Hypopharyngeal Diverticula

Open Hypopharyngeal Diverticulectomy

Some of the earliest descriptions of surgical therapy for hypopharyngeal diverticula
came in 1830, with a description by Bell (of Bell’s palsy fame). The described tech-
nique was the surgical creation of a diverticulocutaneous fistula [12]. The first
recorded attempt at this surgical technique came in 1877, and resulted in the patient’s
death [12]. The following decade saw the first attempts at surgical resection through
a left lateral neck incision, which again resulted in the patient’s death from medias-
tinal sepsis [12]. Early series of single stage diverticulectomy and esophageal clo-
sure were beset by frequent, and often fatal mediastinal sepsis [16]. One of the
earliest publications on the surgical treatment of hypopharyngeal diverticula that
was published in 1910 included 60 patients from multiple centers and prior publica-
tion. The pooled mortality rate reported in that manuscript was 16.6%, with numer-
ous additional complications including bleeding, pneumonia, recurrent laryngeal
nerve paralysis, and esophageal stricture [12]. While tragic, these early publications
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were part of what spurned later innovation, in a century-long drive toward safer
operative approaches.

The first innovation, which became the most widely accepted in the early twen-
tieth century was a two-stage approach, introduced by Goldmann in 1909, and prac-
ticed and promoted by Charles Mayo and Frank Lahey [12, 17]. In the first stage, a
lateral neck incision was made over the anterior border of the sternocleidomastoid,
and the diverticulum completely dissected from its surrounding attachments, but not
divided. The mobilized diverticulum was then temporarily suspended within the
deeper layers of the surgical wound, which was then closed. Patients remained in
the hospital for 7-10 days, until the second stage operation was performed 7-10 days
later. The same incision was reopened and the neck of the diverticulum ligated and
divided, and the esophagus closed. The proposed advantage of this technique was
that fascial planes contiguous between the neck and the mediastinum would be
obliterated at the time of the second operation, preventing mediastinitis as a conse-
quence of esophageal leak, relegating it rather to the surgical space in the neck
where drainage was simpler and complications were decreased [16, 18]. A single
stage transcervical approach to hypopharyngeal diverticulectomy was popularized
later especially after publications by Sweet in 1956 [19, 20] and Payne [21] in that
showed a similar profile of complications compared to the two stage diverticulec-
tomy [17]. However, it should be noted that these series with single stage diverticu-
lectomy were largely performed in the era where antibiotics were more readily
available, arming the surgeon with more than scalpel and a drain to treat mediastinal
sepsis, and leading to better outcomes [16]. Open, transcervical diverticulectomy
continues to be a viable option for operative management of symptomatic hypopha-
ryngeal diverticula, though typically when other approaches are nonfeasible.

Open Hypopharyngeal Diverticulopexy

Schmid proposed diverticulopexy alone as a treatment option in 1912. In this tech-
nique, the diverticulum was approached from an identical left lateral neck incision.
After complete dissection of the diverticulum, permanent sutures secured the fun-
dus to the prevertebral fascia, inverting the diverticulum, and positioning the fundus
cephalad to diverticular neck. This configuration both allows dependent drainage of
any accumulated food and inhibits accumulation of new debris [17]. Importantly,
diverticulopexy avoided violation of the mucosa and resultant esophageal leak [16].
However, in some patients this leads to a caudally extending diverticulum [16, 17].
Diverticulopexy was later incorporated into combination procedures, but is no lon-
ger acceptable as a standalone surgical therapy.

Open Hypopharyngeal Diverticular Invagination

Invagination of a hypopharyngeal diverticulum was reported in 1896 by Girard [16,
17]. In this technique, the diverticulum was approached trough a lateral neck inci-
sion and completely dissection. To avoid violation of the mucosa, the fundus of the
diverticulum was pushed though the diverticular neck and inverted into the esopha-
geal lumen. The muscular defect was then oversewn. A high recurrence rate made
this therapy nonviable, and it is rarely used in clinical practice.
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Open Cricopharyngeal Myotomy

Better understanding of role that the cricopharyngeal muscle, including both spasm
and impaired relaxation, has in the development of hypopharyngeal diverticula led to
a new phase in open surgical management and helped to lay the surgical framework
that later supported endoscopic approaches. Cricopharyngeal myotomy was first
reported in 1958 by Harrison [17, 22]. Sutherland followed this report in 1962, with
an accompanying proposal that myotomy alone may be effective therapy for small
diverticula and that resection or inversion of the diverticulum was not necessary [17,
23]. Belsey demonstrated complete radiographic resolution of small diverticula after
cricopharyngeal myotomy alone [24]. Several other series that mainly included small
hypopharyngeal diverticula noted that cricopharyngeal myotomy was efficacious in
reducing symptoms, without addressing the diverticulum itself. Cricopharyngeal
myotomy was performed through a lateral neck incision as well, but, because it avoids
the extensive dissection that leads to the more severe complications (recurrent laryn-
geal nerve injury, esophageal leak), there was significantly less morbidity compared
to diverticulectomy. However, in a series that included patients with larger pouches,
cricopharyngeal myotomy alone failed to resolve symptoms, likely because some of
the symptoms were directly derived from the presence of a large pouch and not the
underlying dysmotility. Later studies evaluated the influence of the myotomy length
on efficacy and duration of symptomatic relief. Lerut et al advocated a 5 cm myotomy
based on histologic analysis suggesting muscular abnormalities extended beyond the
cricopharyngeus to the esophagus itself among patients with hypopharyngeal diver-
ticula [25]. Using intraoperative manometry, Pera and colleagues demonstrated that
esophageal pressurization was significantly reduced after cricopharyngeal myotomy.
They additionally demonstrated that extending the myotomy 2 cm further into the
hypopharyngeus led to an even greater reduction in esophageal pressurization [26].

Open Combination Procedures: Cricopharyngeal Myotomy

with Other Open Techniques

Current understanding supports the notion that symptoms may arise from either the
pouch or from the pharyngeal constriction and pressurization from a hypertonic or
dysfunctional cricopharyngeus muscle. Simultaneously addressing both the crico-
pharyngeus and the pouch had guided surgical thought for the past six decades.
Reports of both cricopharyngeal myotomy in combination with both diverticulec-
tomy and diverticulopexy were published from several centers beginning in the
1960s. Interestingly, the addition of cricopharyngeal myotomy to transcervical
diverticulectomy actually reduced complications, likely because the decreased pres-
surization of the pharynx did not promote esophageal leaks [16].

There is little comparative literature with regard to open techniques to treat hypo-
pharyngeal diverticula and no randomized trails. However, taken altogether, the lit-
erature best supports myotomy alone from pouches <1 cm. Moderate-sized pouches
may be treated with combination of cricopharyngeal myotomy and diverticulopexy,
while large pouches are best suited with cricopharyngeal myotomy and diverticu-
lectomy if an open technique is pursued [16]. For patients with large pouches, but
significant comorbid disease, cricopharyngeal myotomy, and diverticulopexy may
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be entertained as an option as it may avoid mucosal breach and resultant risk of
complications related to diverticulectomy [17]. However, as discussed below, there
are currently other, less invasive options that exist, provided the surgeon has experi-
ence with these techniques.

Transoral Surgical Approaches for Hypopharyngeal Diverticula

Primarily in an attempt to reduce morbidity and mortality associated with open
approaches, surgeons have sought less invasive therapeutic options. Literature pub-
lished regarding these techniques is highly varied, and suffers from a terminology
that has co-evolved with technology. The term endoscopic is frequently used; how-
ever, this may refer to an esophagoscope, a rigid diverticuloscope (Weerda-scope),
or a flexible endoscope, among others. We have chosen to refer to all these tech-
niques collectively as transoral approaches and divide between rigid and flexible
devices. Rigid or fixed devices are traditionally used to position the head and neck
and/or provide a conduit to visualize the hypopharynx or diverticulum directly.
Flexible endoscopic approaches use a flexible bronchoscope or endoscope more
typically used for gastrointestinal endoscopy, where the effector end of the scope is
manipulated by hand controls, and the device integrates a channel or channels
through which instruments may be introduced. The majority of literature on tran-
soral techniques is retrospective series typically of single centers. Where compara-
tive literature does exist, it is in comparison to open surgical approaches.
Comparisons between two or more transoral techniques are generally lacking.

Transoral Hypopharyngeal Diverticulotomy

The first report of a transoral therapy for a hypopharyngeal diverticulum was made
in 1917 by Mosher [27]. Using esophagoscopic visualization, he described dividing
the common wall between the esophagus and the diverticulum using a scissor punch
[12]. However, as the base of the divided wall was unable to be sealed, the risk of
leak increased. Unfortunately leaks almost certainly lead to mediastinitis, which
proved to be a fatal complication in one of his first patients. As a result, he aban-
doned the technique. The technique of dividing the common wall, almost certainly
accomplished a cricopharyngeal myotomy, a fact that was only recognized in hind-
sight as the cricopharyngeal myotomy was developed and studied in the open
technique.

Before discussing further transoral therapies, we would be remiss to not mention
the contributions of Chevalier Jackson on this field. His report in 1915 was the first
use of an esophagoscope to aid in diverticulopexy [28, 29]. While his manuscripts
did more to support a one-stage approach to transcervical diverticulectomy, he was
one of the first surgeons to utilize an endoscope intra-operatively as a tool to facili-
tate identification of anatomy and to complete an open operation. He used an endo-
scope to first visualize the diverticulum, then to clear the pouch of its food debris.
Advancing the esophagoscope into the pouch, he capitalized on transillumination of
the pouch to identify the pouch externally. Then, following resection the endoscope
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was advanced into the esophageal lumen and the closure performed around the
endoscope to ensure the lumen was not narrowed [12]. While it would be difficult to
confirm whether this was the first instance of endoscopic assistance for open sur-
gery, it is worth noted that this technique elegantly mirrors contemporary use of a
flexible endoscope to perform multiple intraoperative functions.

Transoral Hypopharyngeal Diverticulotomy with Thermal Devices

The next major advance in transoral therapy for hypopharyngeal diverticula was in
1960, by Dohlman and Mattsson. In a report of 100 patients, they described using a
modified rigid esophagoscope (Weerda-scope®, Karl Storz, Fig. 15.4) to visualize
a hypopharyngeal diverticulum and the common wall, similar to that described by
Chevalier Jackson). Dohlman’s advance in terms of technique over that of Mosher
was the use of electrocautery to complete the division of the common wall [30].
Based on his own prior radiographic studies, this work both described the impor-
tance of the cricopharyngeus muscle and properly described the endoscopic divi-
sion of this muscle. The series described the “endoscopic esophagodiverticulostomy”
included no cases of mediastinitis and a recurrence rate of 7%, which was notewor-
thy for the time. Additionally, the assertion was made that in the setting of a recur-
rent diverticulum previously treated with a transoral approach, a transoral reoperation
was likely to be considerably easier than repeating an open surgical approach, where
natural planes would be obscured [10, 12].

In the subsequent three decades, a number of authors offered improvements on
the Dohlman diverticulotomy technique, using a variety of instruments and new
thermal technologies to divide the common wall shared between the diverticulum
and esophagus, with division of the cricopharyngeus muscle. This included addi-
tional centers reporting us of laparoscopy scissors connected to an electrosurgical
unit [31, 32]. In the late 1990s, Lippert introduced a microendoscopic approach
using a CO, laser to divide the mucosa and the cricopharyngeus muscle contained
within the common wall [33, 34]. Results were similar; however, electrocautery was
still needed often to seal the distal dissection flaps or any mediastinal opening.

Fig. 15.4 Rigid
distracting
diverticuloscope, without
attached stabilization arm
(Weerda® scope, Karl
Storz). (Reproduced from
Kroh and Reavis [134];
Fig. 18.3)
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Another laser (KTP/532 nm) was also adapted in a similar technique by other
authors [35]. Taken together, each of these authors used a thermal energy device to
expose and divide the diverticular septum and seal the exposed edges. These reports
were generally associated with short hospital stays, more rapid resumption of diet,
and similar efficacy to trans-cervical surgery. There were more risks of mediastinitis
using thermal devices for transoral diverticulotomy, though this was typically less
severe than mediastinitis associated with open approaches likely because the defects
were small. Mediastinitis after these transoral approaches more often responded to
medical therapy alone. Moreover, the risk of recurrent laryngeal nerve injury is
decreased with transoral approaches over that of transcervical approaches. The lack
of widespread use of laser technology in general limited more general use of those
techniques. There was also a general sense among most surgeons treating hypopha-
ryngeal diverticula that the lack of mechanical device to seal the edges increased the
risk of mediastinitis and thus “suture-less endoscopic esophagodiverticulostomy”
fell out of favor [10].

Transoral Stapled Hypopharyngeal Diverticulotomy

The next major advance in transoral approach to hypopharyngeal diverticula was
the use of a stapling device to both divide and seal the common wall between the
diverticulum and the esophagus, in conjunction with the cricopharyngeus muscle
contained therein. The first of these reports was by Collard and colleagues in 1993
[36], in a contemporary patient cohort to those advocating microendoscopic laser-
based approaches. Collard and colleagues modified a rigid transoral diverticulo-
scope to have narrower lips. They introduced a 12 mm diameter laparoscopic
gastrointestinal stapler (30 mm cartridge length) through the diverticuloscope and
then use a 5 mm endoscopic camera to verify position prior to firing the stapler (see
Fig. 15.5) [36]. They also point out that the divided cricopharyngeus muscle, since
it is sealed by the overlying stapled mucosa, provides lateral retraction to the cut
edges, creating a wide opening between the diverticulum and the esophagus [36].
Their report included 6 patients, 5 of who had complete resolution of dysphagia and
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Fig. 15.5 Position of laparoscopic linear stapler/cutter in trans-oral stapled diverticulotomy.
Image shown without the accompanying rigid diverticuloscope. (Reproduced from Fisichella and
Patti [135]; Fig. 11.5)
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the last was improved. Numerous additional publications replicated these results
using very similar techniques [37-52]. One of the challenges of this technique is
that the stapling devices have a small portion at the tip, beyond the cut line, which
results in a small residual septum. To overcome this, some authors modify the sta-
pler by filing down the end of the anvil to ensure the staple line reaches as far into
the diverticulum as possible [36]. Several authors also report placement of tempo-
rary traction sutures at either end of the septum to aid in pulling the septum into the
stapler jaw and positioning it appropriately. The largest study included a total of 585
patients who were culled from previously published literature between 1995 and
2010 (534 patients) and 51 patients retrospectively identified at the study center
(1999-2011) [53]. There were 92.3% of attempted transoral stapling procedures
completed, in a mean 22 minutes. Of those with completed operations, 91% reported
improved symptoms. Most aborted procedures were due to small diverticula
(<3 cm), or inability to adequately extend the neck to position the diverticuloscope.
Complications occurred in a total of 9.6% of patients, though most were minor [53].
The most common complication was iatrogenic perforation (n = 26, 4.8%), and
most complications were managed with medical therapy alone. There was one death
included in that study (0.2%). Recurrence of symptoms was estimated to be 12.8%
[53]. However, they stated that restapling with a transoral approach for recurrence
can be accomplished with little additional risk compared to index stapling proce-
dures [16, 54]. Similar results to this study were noted in a in a recent systematic
review [55]. Transoral stapling may be difficult in patients with diverticula that are
small (<2 cm) as the stapler may not be able to engage the short septum, or very
large diverticulum, where the stapler may not be able to reach the furthest extent of
the common septum [16]. For larger diverticula, more than one staple cartridge may
be necessary and are allowable [43]. Patient satisfaction is noted to be higher among
patients undergoing transoral stapled diverticulotomy compared to open techniques,
though this is likely related to decreased pain, shorter hospitalization and generally
shorter convalescent period [16]. Overall, transoral stapled diverticulotomy is likely
the most widely practiced transoral technique to treat hypopharyngeal diverticula
and is likely the first-line operation practiced at most centers.

Transoral Flexible Endoscopic Hypopharyngeal Diverticulotomy

A major limitation to the rigid transoral techniques is that they are dependent on
using a rigid device to visualize the diverticulum and septum. The rigid diverticulo-
scope functions in a linear fashion, demanding that the neck be extended, to allow a
direct line of visualization to the junction between the hypopharynx and the esopha-
gus. Osteoarthritis, prior cervical disk fusion, or kyphosis, which is common in the
population among whom hypopharyngeal diverticula are more prevalent, may limit
neck extension such that a rigid scope cannot be properly positioned. Advances in
flexible endoscopic techniques in general, largely afforded by advances in instru-
mentation, have led to new approaches to treat hypopharyngeal diverticula.
Figure 15.6 depicts barium esophagograms obtained before and after a flexible
endoscopic transoral hypopharyngeal diverticulotomy.
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Fig. 15.6 (a) A lateral view of the neck obtained from a barium esophagram demonstrating a
hypopharyngeal diverticulum filling with contrast. This image was obtained prior to a flexible
endoscopic transoral diverticulotomy. (b) An endoscopic view of the cricopharyngeus muscle from
a submucosal tunnel. The red line outlines the edges of the muscle, “e” marks the true lumen of the
esophagus. (¢) Lateral view of the neck obtained from a barium esophagram after a flexible endo-
scopic transoral diverticulotomy demonstrates that contrast enters the persistent pouch but is still
able to empty freely into the esophagus

While the first description of a flexible endoscopic approach to treatment of
hypopharyngeal diverticulum was made in 1982 [56], the first case series with
follow-up data available were not made until 1995, with reports from two centers
using similar techniques [57, 58]. Ishioka and colleagues utilized a needle knife
to perform mucosal incision and myotomy, while Mulder and colleagues reported
using monopolar coagulation forceps. Both techniques utilize an electrosurgical
instrument to both divide and seal the common wall shared between the esopha-
gus and the diverticulum, as well as the underlying cricopharyngeus muscle [57,
58]. In these series, complications were rare and success rates were high in terms
of short-term symptomatic relief. However, there were patients included in those
(and subsequent) series that needed multiple endoscopic sessions, wherein partial
division was accomplished, and then symptoms evaluated. If symptoms persisted,
a subsequent endoscopic session was scheduled for further division, separated by
at least 1 day [57-59]. While there may be some theoretical advantage in titrating
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the extent of division to the minimum possible to produce symptomatic relief, this
is likely offset by the need for multiple rounds of sedation/anesthesia and its asso-
ciated risks. These early reports were followed by other series utilizing other
endoscopic devices, including argon plasma coagulation [59, 60], hook knife [61,
62], and more recently knifes that were developed for endoscopic mucosal resec-
tion and endoscopic submucosal dissection, including the Dualknife™ [63], insu-
lated tip knife [64], and the stag beetle knife [65, 66]. Various assistive devices
have been reported as well, including endoscopic caps [61, 67, 68] and endo-
scopic clips to seal mucosal edges, or the inferior extent of resection. However,
the most commonly mentioned device is a flexible diverticuloscope (see Fig. 15.7)
[63-66, 69, 70]. Most studies that utilize a flexible diverticuloscope originate
from centers in Europe, where commercial devices are more readily available
[71]. Other centers have reported modifying the end of endoscopic overtubes to
resemble a flexible diverticuloscope. The purpose of the flexible diverticuloscope,
which is introduced over the endoscope, is to isolate and stabilize the septum dur-
ing division. A summary of early manuscripts, endoscopic devices, complica-
tions, and reported outcomes is given in Table 15.2.

One of the reported advantages of flexible endoscopic approaches to hypopha-
ryngeal diverticula is that they may be performed without general anesthesia. As is
well stated in an anecdote in an editorial by Sakai, “...open surgery has been advised
for patients at excessive surgical risk...[however] the same rationale has been used
to suggest the opposite, namely flexible endoscopy” [56]. That is to say, patients
with severe respiratory comorbidities, such that it may be difficult to wean the
patient from intraprocedural mechanical ventilation, may be better suited to a flex-
ible endoscopic approach. This is an inversion of conventional thought, where open

Fig. 15.7 (a) This part
depicts a flexible
diverticuloscope (ZD
Overtuube, Cook
Endoscopy); (b) The
septum or common wall of
a hypopharyngeal
diverticulum and the
esophagus, visualized and
stabilized by a flexible
diverticuloscope.
(Reproduced [136] from
Kroh and Reavis [134];
Fig. 18.5)
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transcervical approaches were the most conservative, and reserved for higher risk
individuals. Many of the early reports of flexible endoscopic approaches reported
use of conscious sedation [57, 58, 60, 72, 74]. This was likely largely driven by
provider comfort, in that most authors were endoscopists and were comfortable
performing similar procedures under conscious sedation. However, later series used
intubation and general anesthesia, and or allowed for selective use of general anes-
thesia. Procedure times are on the order of 15-25 minutes in most series reporting
outcome of flexible endoscopic approaches.

Most published techniques, including all those in the Table 15.2, employ a single
incision technique, in which a single liner cut is made from the septum toward the
base of the diverticulum. This maneuver replicates the division accomplished via
rigid transoral endoscopic stapling. There have been recent publications that have
advanced that approach to a two-incision approach, where two parallel incisions are
made 1 cm apart and continued to the base of the diverticulum, with the distal extent
taken by an endoscopic snare [82, 83]. The resultant wedge-shaped resection does
remove a larger portion of tissue and may result in less frequent recurrence, but data
are lacking long term [84].

The extent of resection with flexible endoscopic approaches to hypopharyngeal
diverticula is also a matter of debate. While few would argue that complete division
of the septum is most likely to resolve symptoms and reduce recurrence [70], when
facing a screen and deciding which will be the last fibers to cut is another matter
entirely. One of the justifications of the step-wise, multisession approach in early
publications was likely fear to free perforation into the mediastinum and resultant
mediastinitis; however, this leads to a similar problem noted with transoral stapling,
where residual septa can contribute to persistent symptoms. Over time, accumulated
evidence demonstrates that even when perforations occur, they are generally small
and can be managed with endoscopic clips and do not often need surgery. Some
even advocate that the dissection can be readily advanced into the neck, up to a
centimeter beyond the base of the diverticulum to extend the myotomy onto the
esophagus [85]. They note a reduction in postprocedure dysphagia rates when the
myotomy is extended [79].

One of the implications of the introduction of the flexible endoscopic platform
to treat hypopharyngeal diverticula was a shift in the medical providers that were
providing therapy. Transcervical and most rigid transoral techniques were devel-
oped by surgeons with specialization in general surgery, otolaryngology, or tho-
racic surgery. On the other hand, many of the authors of papers involving flexible
endoscopy arose from gastroenterology. Gastroenterologists, while facile with
endoscope and therapeutic devices that can be introduced through them, are not
typically trained in principles of surgical practice. These complementary special-
izations have a history of collaboration and co-evolution as organized under the
auspices of Natural Orifice Trans-Endoscopic Surgery (NOTES). There are some
gastroenterologists that remain trepid regarding their specialties’ role in treating
hypopharyngeal diverticula [71]. However, as is noted in the next section, the
most recent advances in the treatment of hypopharyngeal diverticula, from within
the submucosal plane, would have likely not been possible without this history of
cross-specialty collaboration.
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Transoral Flexible Endoscopic Submucosal Approach

Hypopharyngeal Diverticula

As submucosal tunneling technique has become more prevalent for the treatment of
various malignant and benign conditions of the gastrointestinal tract, including
early stage colon, rectal and gastric cancers, leiomyomas, gastroparesis, and acha-
lasia, submucosal treatment of hypopharyngeal diverticula has begun to be explored
as well. In this technique, the cricopharyngeus is approached with a submucosal
tunnel [85-89]. The endoscope is oriented such that the septum is vertical, as
opposed to horizontal. A mucosal incision is made roughly 3 cm proximal to the
septum and extended longitudinally to accommodate the endoscope. A tunnel is
made to the septum and then developed on either side of the muscle. The muscle
fibers are then divided. This myotomy may be extended as distally as desired, even
beyond the base of the diverticula if needed. The mucosal incision is then closed
with clips. While currently limited to only select centers which have broad experi-
ence with submucosal tunneling, this is an emerging area of application to hypopha-
ryngeal diverticula.

Preoperative Assessment

The diagnosis of hypopharyngeal diverticulum is confirmed using the methods
described above. It is often helpful for the surgeon performing the procedure to
perform their own endoscopic inspection for operative planning, and is typically
best accomplished with a flexible endoscopy. This may also reveal evidence of con-
comitant disease, including reflux associated esophagitis that may be comorbid in
these patients. Physical examination should include an evaluation of active next
extension and inspection of the mouth opening. A review of comorbidities, espe-
cially cardiac and pulmonary conditions, will guide the provider toward an anes-
thetic approach; however, we most often prefer general anesthesia.

Postoperative Care

A wide variety of protocols exist regarding postoperative care, without any compara-
tive studies to suggest superiority of one over another. The time to resumption of diet,
content of diet, duration of antibiotics if they are used at all, and radiographic esopha-
geal imaging are all variable. We typically use a transoral flexible endoscopic
approach, performed in the operating room, under general anesthesia. Our typical
approach is to keep patients with only sips of clear liquids on the day of the procedure.
On the following day, a contrast esophagram is obtained both to verify no leak and to
establish a new baseline should symptoms recur in the future. If there is no leak or
perforation and the patient is able to perform the study without bothersome dysphagia,
then they are advanced to a thick liquid diet. This diet is continued for 1-2 weeks
thereafter to allow healing of the mucosa and to reduce mechanical insult to the tissue.
Hospitalization is typically only the night of surgery in our practice.
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Contemporary Surgical Techniques to Hypopharyngeal
Diverticula: Open Approach to Hypopharyngeal Diverticula

The patient is positioned supine on the operating room table, often with a shoulder
roll to facilitate neck extension. In some practices, a preincision flexible endoscopy
is performed and the diverticulum packed with gauze to aid in identification of the
diverticulum. A nasogastric tube and/or esophageal dilator may also be passed to
aid in identification of the true esophageal lumen. An incision is made over the
anterior border of the sternocleidomastoid muscle ipsilateral to the diverticulum,
typically the left side. Alternately a transverse incision is made in a skin crease
between the hyoid and the clavicle. Subplatysmal flaps are developed. Posterolateral
retraction of the sternocleidomastoid is performed. As the posterior pharynx is iden-
tified, the recurrent laryngeal nerve is identified, as well as the thyroidal vessels.
These may need to be ligated depending on the size and position of the diverticu-
lum. The diverticulum is then identified and freed from the surrounding attach-
ments. Once this is completed, the diverticular sac may be resected or suspended. A
cricopharyngeal myotomy is nearly always performed as well. Numerous studies
have demonstrated that leaving the cricopharyngeus intact leads to frequent recur-
rence. For small diverticula, cricopharyngeal myotomy may be a sufficient treat-
ment alone.

In early descriptions, the need for multiple interventions and the lack of antibiot-
ics contributed to a high rate of morbidity and even mortality. In contemporary
series, open techniques for hypopharyngeal diverticula have an aggregate mortality
rate of around 1.5% and morbidity of around 11.5%. Complications include fistula
formation, recurrence, recurrent laryngeal nerve injury, mediastinitis, and esopha-
geal strictures [90].

Rigid Transoral Approach to Hypopharyngeal Diverticula

The patient is positioned supine on the operating room table, often with a shoulder roll
to facilitate neck extension. General anesthesia is induced and the patient is intubated.
A bivalve diverticuloscope is positioned, with the anterior (upper) blade within the
esophageal lumen and the posterior (lower) blade within the diverticulum. A telescope
is used to visualize the septum and the diverticuloscope is suspended. Temporary trac-
tion sutures may be placed at the lateral aspect if desired. Any bezoar is removed from
the diverticulum. The endoscopic stapler is then introduced. The stapler cartridge (the
hammer portion) of the stapler is often easier to position in the diverticulum, as this is
often a larger orifice in this view, and the anvil is positioned in the esophageal lumen.
Once the stapler has been fired, the septum is divided and a common opening (diver-
ticulo-esophagostomy) is created in the posterior wall of the esophagus. The edges of
this divided tissue included both mucosal edges, and the underlying muscle is sealed
by the staple rows. Multiple firings may be necessary depending on the size of the
stapler cartridges used and the size of the diverticulum. Because the anvil of the sta-
pler always extends beyond the cutting blade, there may be a small remnant septum.
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There are descriptions of division of this remaining septum using ultrasonic shears or
monopolar forceps. Limitations to this technique include inability to extend neck or
position the diverticuloscope due to small mouth opening or prominent dentition.
Small diverticula (<3 cm) are difficult to treat using this technique. For both reasons,
up to 30% of eligible patients will be not be able to be managed with this approach,
and an alternative approach should be sought.

Flexible Endoscopic Approach to Hypopharyngeal Diverticula

The patient is positioned supine on the operating room table, often with a shoulder roll
to facilitate neck extension. Numerous publications report performed flexible endo-
scopic treatment of hypopharyngeal diverticulum under conscious sedation or moni-
tored anesthesia care/deep sedation. While this in an option, we prefer intubation and
general anesthesia, in case an open approach is needed. Moreover, as scope stability
is the most challenging aspect of this approach, general anesthesia, and resultant mini-
mal patient movement may make the procedure more facile. We would recommend a
general anesthetic approach in particular for providers that have less experience with
the flexible endoscopic techniques, as prolonged procedure times may not be well
tolerated by less sedate patients. A standard gastroscope is used, fitted with a transpar-
ent cap, which helps to maintain visualization of the tissue. A diagnostic endoscopy is
performed first. We typically place a nasogastric tube into the true esophageal lumen
under endoscopic guidance; a guidewire may be used for the same purpose. This helps
to maintain orientation and may aid in scope stability as well. While there are numer-
ous reports of using a flexible diverticuloscope, or modified overtube, we do not prefer
this approach. The main benefit of the flexible diverticuloscope is scope stabilization,
but we often find the resultant limitation in scope mobility to be detrimental. Any
bezoar is removed from the diverticulum. We prefer to use a triangular tip knife for the
procedure. A cut current is used to divide the mucosa and a coagulation current there-
after. The triangular tip knife is larger than most other endoscopic knives, so caution
must be exercised as thermal spread can also be greater. However, the increased sur-
face area allows the knife to be used to push fibers or edges away, and the corners may
be used to pull fibers as well; the multiple ways to use the knife may be advantageous
in the small space.

There are two approaches we use the first is a cutting only technique. The mucosa
overlying the central part of the septum is divided, orthogonal to the long axis of the
septum. This is carried distally toward the base of the diverticulum. The pressure
applied from the cap will tend to spread the mucosal edges apart and the underlying
muscle and connective tissue will appear as a V. If areolar fibers are visualized with
no muscle beyond, the mediastinum has been reached. Clips should be placed at the
base to help reduce the risk of leak into the mediastinum in case an unnoticed iatro-
genic peroration has occurred.

The alternative approach is a submucosal tunneling technique, which exposes
the underlying cricopharyngeus muscle while maintaining musical flaps to later
close. In this case, the mucosotomy is along the long axis of the septum, long
enough to accommodate the endoscopic cap. The loose connective tissue of the
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submucosal is then carefully teased away to separate the mucosa from the underly-
ing muscle on both sides of the septum. The cricopharyngeus can then be com-
pletely divided once its fibers are exposed. The mucosotomy can then be closed
with endoscopic clips. In this technique, there may be a partial persistent septum;
however, the complete cricopharyngeal myotomy that is accomplished will still pro-
duce durable symptomatic relief.

Non-Zenker’s Diverticula of the Esophagus

Mid-esophageal and epiphrenic diverticula occur within the general population,
though with less commonality compared to hypopharyngeal diverticulae. Given
their more distal location, management differs from hypopharyngeal diverticula,
and given their relative rarity, evidence to guide treatment is more limited.

Mid-Esophageal Diverticula

Mid-esophageal diverticula occur in an area with 5 cm above or below the carina and
make up roughly 10-17% of all esophageal diverticula [5, 91]. While these anatomic
limits are somewhat arbitrary, diverticula in this region are unique, in that they have
traditionally demanded transthoracic procedures for treatment. Mid-esophageal
diverticula are often related to underlying conditions, in particular conditions leading
to paraesophageal inflammation. Early studies linked many mid-esophageal diver-
ticula to tuberculosis-related lymphadenitis, or histoplasmosis. The inflammation of
peri-bronchial lymph nodes results in a true traction diverticulum, where all layers of
the esophageal wall are pulled into an outpouching. Most often diverticula occurring
by this mechanism form on the right side of the esophagus, just below the carina, as
the subcarinal lymph nodes lie nearest the esophagus in this position [5]. More con-
temporary studies have demonstrated that pulsion diverticula may also occur, and
may be related to neuromuscular dysfunction of the esophagus [5, 92]. Specifically,
hypertonicity or hyperactivity of the distal esophagus may lead to an area of hyper-
pressurization at the proximal aspect of the abnormal segment [92]. However, it
should be noted that most studies that have established hyperpressurization as a
causitive factor were performed prior to the availability of high-resolution manome-
try, which has resulted in substantial changes in classification of some subsets of
esophageal motility disorders. There may also be congenital attachments that act as
traction lead points in the mid-esophagus and contribution to enlargement of pulsion
diverticula [5]. An alternative explanation is that mid-esophageal pulsion diverticula
form through a weakness in the esophageal wall where a congenital foregut cyst is
present. This also fits with observed patterns of pulsion diverticula occurring primar-
ily on the left side of esophagus [5].

Symptoms of Mid-Esophageal Diverticula
Small mid-esophageal diverticula may be asymptomatic, as they were often small
and wide mouthed. This appearance was typical of diverticula associated with
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tuberculosis. However, complications including hemorrhage, and/or fistulous con-
nections to the aerobronchial or central vasculature have been reported [5]. The
association between mid-esophageal diverticula and neuromuscular or motility dis-
orders of the esophagus, may make it difficult to ascertain what if any symptoms
arise from the diverticulum as opposed to the underlying motility disorder.

Diagnosis of Mid-Esophageal Diverticula

Diagnosis of mid-esophageal diverticula is typically made radiographically. An
esophagram is the best for diagnosis and characterization of mid-esophageal
diverticula. Similar to hypopharyngeal diverticula, some mid-esophageal diver-
ticula are discovered incidentally as the use of cross-sectional imaging continues
to be more common. Endoscopy may be useful in evaluating complications of
diverticula, but it is of little additional diagnostic yield. Manometric analysis may
be useful in determining etiology. Manometric catheters may be difficult to place
when large diverticula are present, as the catheter may preferential course into the
diverticulum; endoscopic guidance may be necessary to ensure passage into the
esophageal lumen.

Surgical Treatment of Mid-Esophageal Diverticula

Indications for treatment of mid-esophageal diverticula are symptoms or compli-
cations. Traction type diverticula of the mid-esophagus may be treated by diver-
ticulectomy. Traditionally, this was performed via a right-sided thoracotomy, with
the assistance of an esophageal bougie to avoid narrowing the esophageal lumen.
Myotomy is traditionally performed on the opposite side of the esophagus in this
approach, and is associated with a significant decrease in leak rates [93]. The
defects were closed in with absorbable sutures in two layers and often buttressed
with the pleuropericardial fat pad, or pleura [5]. Alternatives include diverticulo-
pexy with suspension to the prevertebral fascia [5]. Where this is an associated
motility disorder, myotomy alone may be sufficient to relieve symptoms.
Thoracoscopic approaches are possible, but are likely best performed by surgeons
in centers with significant experience with minimally invasive esophageal surgery
[91, 94]. Robot-assisted approaches have also been reported. There are also
increasing reports of using submucosal tunneled approaches to perform myoto-
mies for mid-esophageal diverticula similar to those discussed above with hypo-
pharyngeal diverticula [86, 95]. Given the likely association with motility
disorders for some mid-esophageal diverticula, this therapy is intriguing; how-
ever, long-term data are lacking.

Intramural Pseudodiverticula of the Esophagus

Intramural pseudodiverticula appear on barium esophagram. Multiple small (usu-
ally <5 mm) cystic structures appear in the esophagus, perpendicular to the esopha-
geal wall [96]. Patients presenting with intramural pseudodiverticula often do not
have associated endoscopic abnormalities. However, intramural psuedodiverticula
are typically associated with a distal stricture, and may not resolve with treatment of
the distal stricture. They do not warrant surgical intervention.
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Epiphrenic Diverticula of the Esophagus

Epiphrenic diverticula are pulsion type diverticula that form in the distal portion of
the esophagus, typically in the distal 10 cm. They are quite uncommon, with an esti-
mate incidence of 1 in 500,000 per year [97]. Typically epiphrenic diverticula occur
on the right side of the esophagus [98]. The first description is attributed Hoxie in
1804 based on anatomical studies, and then radiographically by Zeitstein in 1898 [6].
Mondiere described symptoms attributed to epiphrenic diverticula and was the first
to postulate in 1833 that intraluminal pressure played a role in the development epi-
phrenic diverticula [99]. Current understanding is the epiphrenic diverticula are pul-
sion-type diverticula that result from herniation of the mucosa and submucosa
through an intrinsic weakness in the esophageal wall. Similar to hypopharyngeal
diverticula, most epiphrenic diverticula are related to an underlying motility disorder
that results in a functional distal obstruction and hyper-pressurization of the esopha-
geal lumen [24, 99, 100]. One group was able to perform barium videoesophagogra-
phy, upper gastrointestinal endoscopy, and esophageal manometric in patients with
symptomatic epiphrenic diverticula [98]. By performing this complement of studies,
they were able to demonstrate that all of the patients had a concomitant motor abnor-
mality, and were distributed across five separate diseases: achalasia, diffuse esopha-
geal spasm, hypertensive lower esophageal sphincter, nutcracker esophagus, and
vigorous achalasia [98]. However, even in the absence of a diagnosed esophageal
motility disorder, patients with epiphrenic diverticula will have alterations in the
myenteric plexus leading to poor coordination of muscular contraction [101].

Symptoms of Epiphrenic Diverticula

As with other esophageal diverticula, the association with motility disorders can
make it difficult to ascertain what symptoms may be due to an epiphrenic diverticu-
lum. Dysphagia and reflux are the most common symptoms experienced by patients
[102]. Regurgitation, chest pain, epigastric pain, reflux, and aspiration pneumonia
have been additionally reported. Severity of symptoms and size do not appear to be
correlated [102].

Diagnosis of Epiphrenic Diverticula

Most epiphrenic diverticula are diagnosed on barium esophagram. An upper endos-
copy should be pursued as well, to rule out associated malignancy or dysplasia. The
frequency with which esophageal motility disorders are co-morbid also warrants
esophageal manometry. Mobile esophageal monitoring may be necessary and/or
illuminating in some patient who only experience symptoms intermittently or with
food [98]. Manometry catheters may need to be placed under endoscopic guidance
if diverticula significantly distort the distal esophagus. Esophageal manometry is
particularly helpful to aid in operative planning regarding the length of myotomy
required and whether a simultaneous antireflux procedure should be performed.

Surgical Treatment of Epiphrenic Diverticula

While there is general consensus that surgery should be reserved only for symptom-
atic patients, even this is not without controversy. While some authors have used a
size criteria for indication for operation for epiphrenic diverticula [103], both the
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poor correlation between size and symptoms and better understanding of the under-
lying pathophysiology have removed this an indication alone [104]. Additionally,
while some authors advocate all patients with a known epiphrenic diverticulum
should be operated upon [105], this must be balanced against the significant risk of
morbidity, and a mortality rate as high as 11.1% in published series [106]. Moreover,
many patients with minimal symptoms do not progress, or at least progress slowly
over time [107]. Perhaps the best summary statement was crafted by Orringer,
“masterful inactivity is generally the best approach” in describing annual surveil-
lance for patients with minimal symptoms from epiphrenic diverticula [6, 108].
When surgical intervention becomes necessary, frequently diverticulectomy and
esophageal myotomy are performed [93, 109].

Surgical approach is also a matter for debate. Classically, the distal esophagus
was best accessed from a left thoracotomy, and was the preferred approach, despite
the more frequent right-sided location of epiphrenic diverticula. Over the past sev-
eral decades, there has been a progression toward minimally invasive approaches in
published literature, either thoracoscopic, laparoscopic, or both [93, 109, 110]. It is
worth noting that even in centers that perform high volumes of minimally invasive
esophageal surgery, complications of surgical procedures to address epiphrenic
diverticula are substantial [104].

Given that esophageal motility disorders underlie the development of epiphrenic
diverticula, myotomy has been advocated as part of the surgical treatment. Myotomy
is now considered routine, and is performed in the majority of cases (85.5%) in the
reported literature, and is selectively employed without intervention on the epi-
phrenic diverticulum itself [93]. Myotomy is intended to relief the high pressure
zone, similar to cricopharyngeal myotomy for hypopharyngeal diverticula; failure
to eliminate the high pressure zone is associated with increased risk of perioperative
leak, and recurrence of an epiphrenic diverticula [110]. Accordingly, extension of
the myotomy of onto the stomach has been advocated [104, 110, 111]. However,
this puts patients at risk for postoperative reflux. Thus, selective myotomy or limited
myotomy is employed in some centers, guided by the esophageal manometry results
from preoperative testing [98, 112].

An antireflux procedure performed in conjunction with epiphrenic diverticulec-
tomy and myotomy was introduced as an option in the open surgical era [107]. Among
published studies, less than 70% of patients have undergone concomitant antireflux
operations [93]. Some feel that there is limited risk of reflux, if the lower esophageal
sphincter is not divided, which generally implies a transthoracic approach with a lim-
ited myotomy [6, 109]. What emerges from the literature is that nonobstructing anti-
reflux procedures are preferred over a full fundoplication. The most common antireflux
operations and Dor type (anterior, 180° wrap) or a Belsey-Mark IV (anterior 220-240°
wrap with diaphragmatic plication) [93]. Overall, a recent meta-analysis of surgical
options for epiphrenic diverticulum concludes that diverticulectomy with myotomy is
likely the best operation in most circumstances, with our without an antireflux proce-
dure [93]. Given that open and minimally invasive approaches had similar outcomes
in terms of morbidity and mortality, the approach is best left to the discretion of the
surgeon, and which approach they are most comfortable Table 15.3.
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Emerging Transoral Endoscopic Treatment of Epiphrenic Diverticula
Given the development of the per-oral esophago-myotomy (POEM) procedure
[113] as a treatment for achalasia and other esophageal motility disorders, and that
these same motility disorders occur in conjunction with epiphrenic diverticula, it is
perhaps not surprising that POEM and submucosal tunneling have been applied to
epiphrenic diverticula. There are scattered case reports of this technique and single
multicenter study that includes three patients [86, 114]. Initial technical success has
been good, with symptomatic relief noted in the short term [86]. We expect there to
be more reports similar to this in the coming years, and eagerly look to studies
describing selection criteria, correlation with high-resolution manometry pre- and
postprocedure, as well as longer term outcomes.

Conclusions

Surgeons evaluating published literature reports results of operative management of
esophageal diverticula are left wanting for comparative literature. The rarity of
esophageal diverticula and diversity of presentation likely render randomized con-
trolled trials impossible. The heterogeneity of techniques and nonstandardized
reporting of symptoms and success rates make direct comparison difficult. No stan-
dard set of criteria for preoperative currently exist that comprise symptoms (dyspha-
gia, odynophagia, aspiration, reflux, regurgitation), assessment of symptom severity
(dysphagia scoring), indications for operation (size vs symptoms vs comorbidities),
definition of clinical success (elimination or symptoms, improvement of symptoms)
recurrence (after multiple or single procedures) or time-frame for follow-up (early
vs late). There is no way for us to recommend substantial superiority of one proce-
dure in comparison to another. Moreover, operative approaches offered to symp-
tomatic patients are increasingly likely to be a function of the specialty training of
the provider. However, given that the majority of the procedures described here have
a high degree of efficacy, and fairly low risk of complications, the best approaches
are likely best left to the surgeon or endoscopist to determine the best approach
based upon their training, experience, and most importantly the patient sitting in
front of them.
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Surgical Techniques for Lower 1 6
Esophageal Diverticula

Francesca M. Dimou and Alfons Pomp

Introduction

An esophageal epiphrenic diverticulum is defined as an outpouching in the distal
10 cm of the esophagus, which consists of esophageal mucosa and submucosa. It is
not necessarily an anatomic abnormality, but likely secondary to an outflow obstruc-
tion at the level of the gastroesophageal (GE) junction. There is a spectrum of
esophageal motility disorders that typically result in an epiphrenic diverticulum, but
one common example is in patients with achalasia [1-3].

Patients with an epiphrenic diverticulum may present with dysphagia, epigastric
pain, reflux, regurgitation, aspiration pneumonia, or persistent cough [4]. Others
may be asymptomatic and diagnosed when being evaluated for an esophageal motil-
ity disorder. Preoperative workup in these patients should include an upper endos-
copy, barium esophagram, and manometry.

Surgery is considered the standard of care when treating patients with an epi-
phrenic diverticulum, but the optimal surgical approach remains controversial. In
this chapter, we discuss the different minimally invasive approaches when treating
patients with an epiphrenic diverticulum.

Surgical Treatment

Regardless of the operative approach, there are three main goals when treating a
patient with an epiphrenic diverticulum: diverticulectomy, a concomitant myotomy,
and a partial fundoplication. Three surgical approaches that will be described in this
chapter are laparoscopic, thoracoscopic, and robotic.

F. M. Dimou - A. Pomp ()

Department of Surgery, Weill Cornell Medicine/New York Presbyterian Hospital,
New York, NY, USA

e-mail: alfons.pomp.chum@ssss.gouv.qc.ca

© Springer Nature Switzerland AG 2021 211
N. Zundel et al. (eds.), Benign Esophageal Disease,
https://doi.org/10.1007/978-3-030-51489-1_16


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-51489-1_16&domain=pdf
https://doi.org/10.1007/978-3-030-51489-1_16#DOI
mailto:alfons.pomp.chum@ssss.gouv.qc.ca

212 F. M. Dimou and A. Pomp

Laparoscopic Approach

A laparoscopic approach is the most common technique undertaken when treating
an epiphrenic diverticulum. The laparoscopic operative details may vary depending
on surgeon preference; this includes patient positioning, suturing techniques, and
port placement. Here we describe our specific technique when doing an epiphrenic
diverticulectomy.

(a) Patient Position

The patient is placed in the supine position. It is our preference to have patients
with arms and legs extended and abducted; this position allows the surgeon to stand
between the legs. It is important to ensure the arms and legs are secured, and foot-
boards are placed as the patient will be placed in steep reverse Trendelenburg.

(b) Port Placement

If there is no history of previous abdominal operations, the abdominal cavity can
be entered using a 5 mm optical trocar with a 30 degree laparoscope at Palmer’s
point in the left upper quadrant. Once the abdominal cavity is entered, the abdomen
is inspected for any injuries or adhesions. A 5 mm supraumbilical port is then
inserted under direct visualization. The camera is now placed in this port and a
5 mm epigastric incision is made with placement of a Nathanson liver retractor. An
additional 5 mm trocar is placed in the right upper quadrant and a 5 mm trocar is
inserted in the left abdomen. Once all ports are placed, the patient is placed in
reverse Trendelenburg.

(c) Key Laparoscopic Techniques

The distal esophagus must first be mobilized by taking down the gastrohepatic
ligament. We prefer to use a 5 mm Harmonic scalpel as an energy device. Dissection
is carried toward the right crus and anteriorly along the esophagus with care not to
damage the anterior branch of the vagus nerve. Next, the posterior esophagus is dis-
sected and the posterior vagus nerve is protected. Continue with circumferential
dissection of the posterior esophagus until there is identification of the left crus. A
Penrose drain is placed around the esophagus to help with further retraction and
mobilization.

Dissection is carried proximal into the mediastinum where the diverticulum is
identified and dissected off of the pleura. It is important to fully dissect the diver-
ticulum including the neck to allow for complete resection.

A tapered-tip bougie should be carefully inserted into the esophagus to aid in
stenting and preventing stenosis; a 54-58 Fr is adequate. Next, the 5 mm entry tro-
car is upsized to a 12 mm trocar in order to accommodate a laparoscopic stapler for
transection. The laparoscopic stapler is inserted and the neck of the diverticulum is
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transected. The staple line is imbricated with an interrupted layer of silk sutures
intracorporeally.

A myotomy on the contralateral aspect of the esophagus is created. This is per-
formed to alleviate the distal obstruction; a combination of blunt dissection, hook
cautery, and Harmonic scalpel may be used to divide the muscle fibers. The myot-
omy should extend far enough to ensure the obstruction is relieved; in the setting of
achalasia, we commonly do a 6~7 cm myotomy on the esophagus and extend dis-
tally 2-3 cm onto the stomach. If there is any concern regarding potential perfora-
tion during this dissection, an intraoperative EGD should be done.

The last step should include hiatal closure and a partial fundoplication to reduce
the likelihood of postoperative reflux. It is recommended to close the hiatus without
tension and permanent suture. We typically use interrupted silk suture. Most com-
monly we recommend a Dor fundoplication. This requires division of the short gas-
tric vessels. The fundoplication is created by suturing the gastric fundus to the
myotomy and apex of the right crus. The fundus is also sutured to the diaphragmatic
hiatus anteriorly and the left crus. This is done with 3-0 silk sutures tied intracorpo-
really (Figs. 16.1 and 16.2; Table 16.1).

Fig. 16.1 Laparoscopic
Port Placement. (A) is
Palmer’s point - the intial
trocar placement site, (B) T N \/\
Smm supraumbilical port,
(C) is the high epigastric
site for the Nathanson liver
retractor, (D) 5Smm rigth
upper quadrant port, (E)
Smm left abdomen port
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Fig. 16.2 Robotic Port

Placement. (A) Palmer’s

point, (B) is the intial

reference point, (C) is the —  —
site for Arm 3, (D) is for

Arm 4, (E) is for Arm 1

and (F) is the site for the

Nathanson liver retractor

15-20 cm

Table 16.1 Key technical points and potential pitfalls

Key technical points Potential pitfalls

Esophageal mobilization Placing ports too low may result in inability to reach
diverticular neck for transection

Complete exposure of Inadequate myotomy

diverticular neck

Esophageal stenting latrogenic perforation using cautery

Myotomy Splenic injury taking down short gastric vessels

Partial fundoplication

Thoracoscopic Approach

In those patients who have an epiphrenic diverticulum that is located more proximal and
an abdominal approach is not feasible, a thoracoscopic approach is preferred. These
patients will require a double-lumen endotracheal tube to allow single-lung ventilation.

(a) Patient Position

The patient is placed in lateral decubitus; the specific side is dependent on the
side of the diverticulum. For example, those with a right-sided diverticulum
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should be placed in left lateral decubitus. Care is taken to alleviate pressure
points and to flex the bed to open the rib space and accommodate trocar
placement.

(b) Trocar Placement

First, a 5 mm trocar is placed for the laparoscope at the level of the seventh inter-
costal space in the posterior axillary line. Another 5 mm trocar is placed at the level
of the fifth intercostal space in the anterior axillary line. The last 5 mm trocar is
placed posteriorly just below the tip of the scapula. An anterior incision at the level
of the fourth intercostal space should be made for access of the stapler and specimen
removal.

(c) Key Thoracoscopic Techniques.

The inferior pulmonary ligament is taken down. The esophagus is identified,
mobilized, and the diverticulum dissected out. Care is taken not to injure the
vagus nerves. A Penrose drain is again used to facilitate retraction. Once the
diverticulum is dissected free, the same principles apply for resection as in the
laparoscopic approach including placement of a tapered bougie. To complete
the fundoplication and myotomy, a laparoscopic approach should also be
undertaken.

Robotic Approach

The indications for a robotic approach in these patients are not well studied, although
it does provide an alternative minimally invasive technique. The advantages of
robotic surgery include 3D visualization, improvement ergonomics, and the poten-
tial of accessing the proximal esophagus via the abdominal cavity. With our experi-
ence, we have utilized robotic technology in foregut surgery and primarily using the
DaVinci Xi™ robotic platform.

(a) Patient Position

In the robotic approach, patients are placed in the supine position with both arms
abducted and a footboard. Once the patient is prepped and draped, the patient should
be placed in reverse Trendelenburg and left side up. Pneumoperitoneum is achieved
with placement of a Veress needle at Palmer’s point. The patient is then placed in the
supine position for trocar placement.

(b) Port Placement

The abdomen is marked in the following manner: a reference point is marked
approximately 13—15 cm inferior from the xiphoid process in the midline. Two
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centimeters left of this reference point, an 8 mm trocar is inserted under direct visu-
alization (Arm 2). The abdomen is inspected for any injury and the Veress needle is
removed. Next, another 12 mm trocar is placed 8 cm to the patient’s left (Arm 3; this
will allow for firing of the stapler), and another mark 8 cm left from that (Arm 4).
The last port is marked 8 cm right lateral from the reference point (Arm 1).

Once all ports are placed, the patient is placed in reverse Trendelenberg. A 5 mm
epigastric incision is made with placement of a Nathanson liver retractor. We typi-
cally place the retractor on the right side of the patient and adjust the holder of the
liver retractor to be as close to the patient as possible in order to prevent collisions
with the robot arms. The robot is then docked (this can be done on the right or left
side of the patient). Arm 2 will be used as the camera port; Arms 1 and 4 will be
used for traction using small grasping retractors. Arm 3 will utilize a Vessel Sealer
for dissection of the greater curvature of the stomach, the esophagus, hiatus, and
mediastinum.

Most dissection is done with the Vessel Sealer and once the diverticulum is dis-
sected free, we use the Robotic SureForm™ stapler for our diverticulectomy. After
this has been completed and the myotomy is performed, a robotic hook cautery or
Maryland Bipolar grasper is used for fine dissection of the muscle fibers. We also do
a partial fundoplication when undertaking a robotic approach, specifically a Dor
fundoplication. Again, silk sutures are used to secure the wrap and to pexy it to
the hiatus.

Postoperative Care

Patients are admitted overnight and started on a clear liquid diet; they are advanced
to a full liquid diet the following morning. Given a minimally invasive approach,
patients are discharged on postoperative day one and require limited narcotics. We
do not routinely obtain a postoperative contrast study unless there is concern for the
patient’s clinical status.

Conclusion

Regardless of the surgical approach for excision of an epiphrenic diverticulum, the
technical principles remain the same. It is important to not only resect the diverticu-
lum but relieve the distal obstruction with a myotomy. Not one approach is neces-
sarily superior to the other; however, it is dependent on the surgeon’s skillset and
learning curve with each minimally invasive technique. Most importantly, taking a
minimally invasive strategy when treating these patients results in excellent long-
term outcomes.
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Esophagus

Brian Hodgens, Reid Sakamoto, and Dean Mikami

Introduction

Barrett’s esophagus (BE) is a pathologic condition of the esophagus caused by
excessive and chronic inflammation and irritation of the esophageal mucosa. This
long-standing inflammation leads to epithelial metaplasia that transforms normal
stratified squamous epithelium into abnormal columnar epithelium with goblet
cells. Over time, ongoing metaplasia can give rise to dysplasia that predisposes an
individual to the development of esophageal adenocarcinoma (EAC). The cause of
Barrett’s esophagus (BE) is exposure to acid and bile in gastroesophageal reflux
disease (GERD), which causes chronic inflammation of the esophageal mucosa.
GERD in itself is a very common condition, and several risk factors have been iden-
tified to diagnose which patients are at higher risk for development of BE. What
remains unclear, however, is whether or not enrolling these high-risk patients (and
others diagnosed with BE) in a rigorous screening and surveillance program confers
a survival benefit. While the logic behind monitoring this premalignant condition is
sound, the methods to do so are invasive, time consuming, anxiety provoking, and
may not actually improve mortality from esophageal cancer [1, 2].
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Definition

GERD has been steadily increasing since the 1990s. The prevalence of GERD is
estimated to be 18.1-27.8% in North America [3], and it is likely that more people
are affected than are truly diagnosed. Patients with GERD have a 10-15% risk of
developing BE, which is defined as at least 1 cm or more of metaplastic change from
normal stratified squamous epithelium to columnar epithelium in the distal esopha-
gus [4]. In the United States, the prevalence of Barrett’s esophagus is 5.6% [5], and
development of esophageal adenocarcinoma (EAC) secondary to Barrett’s has
become the most common cause of esophageal cancer [6].

While intestinal metaplasia is considered pathologic in the esophagus and
stomach, the risk of developing dysplasia is directly related to the length of
mucosa involved. Less than 1 cm of metaplastic change in the esophagogastric
junction is simply classified intestinal metaplasia and confers a low risk of pro-
gression to EAC. BE can be further broken down into short-segment BE (1-3 cm
of metaplasia) and long-segment BE (greater than 3 cm of metaplasia). There are
several key differences between these two diagnoses that can influence manage-
ment decisions. It is worth noting as well that since these categories of disease
are broken down by the distance from the GEJ, it is critically important that
endoscopists diagnosing and surveying patients with Barrett’s be very precise
about locating the Z-line, the GEJ, identifying hiatal hernias, and tracking meta-
plasia proximally.

Metaplasia at the GEJ can be either cardiac-type mucosa or intestinal type and
it is traditionally defined as being present at and just proximal to the GEJ. In a
study by Dresner et al. in 2003, subtotal esophagectomy patients who underwent
serial endoscopy displayed a pattern of metaplasia from normal to cardiac to
intestinal-type mucosa over 27 months in response to severe reflux [7]. These
findings help demonstrate the spectrum of change that occurs in the distal esoph-
agus in response to reflux but also help to confirm that the presence of non-
stratified squamous mucosa at the GEJ is abnormal, no matter what the type.
Nonetheless, available studies show that risk of progression from this ultra-short
segment of metaplasia to EAC is minimal and there are no current guidelines on
their management.

Short- and long-segment BE differs in length of mucosa affected, prevalence,
the severity of symptoms, and risk of progression to EAC. Short-segment BE is
found in about 6.4% of patients with GERD whereas long-segment BE is found
in 1.5% [8]. Patients with short-segment BE tend to have less severe reflux and
often no GERD symptoms while long-segment patients tend to have both supine
and upright reflux as well as more frequent GERD symptoms. Short-segment
patients also tend to have higher LES pressures and stronger peristalsis com-
pared to long-segment patients [9]. Finally, the risk of progression to dysplasia
and cancer is directly related to the length of mucosa involved. Several studies
comparing the incidence of dysplasia and cancer in short- versus long-segment
BE highlight a nearly three times higher incidence of dysplasia and EAC in
long-segment BE [8, 10].
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Risk Factors

Several risk factors for the development of BE have been identified. These include
chronic GERD (>5 years), the presence of a hiatal hernia, central obesity, male
gender, age >50 years, Caucasian race, smoking, and a history of BE or ECA in a
first-degree relative [4, 11-13]. Several case-control studies have demonstrated a
direct relationship between frequency of GERD symptoms and development of
ECA [14]; however, it is also noted that up to 40% of ECA patients studied had no
symptoms of GERD. Based on these data and other studies correlating risk factors
with ECA, it is unclear which combination of these factors are most concerning and
therefore which patients would benefit most from screening.

Medical Treatment and Surveillance

Patients with BE are recommended to have indefinite treatment with a proton pump
inhibitor (PPI). The use of long-term (2-3 years) PPI after diagnosis of BE has been
associated with a 71% reduction in EAC or BE with high-grade dysplasia (OR 0.29;
95% CI = 0.12-0.71) [15]. PPIs are the preferred acid-reducing therapy as the use
of histamine receptor antagonist has not shown a protective effect against progres-
sion to EAC (HR 0.83; 95% CI = 0.11-6.03) [16].

Patients who participate in surveillance programs for BE are diagnosed with
EAC at an earlier stage, which is associated with an overall mortality benefit.
Kalsteliein and colleagues showed that the 5-year survival for patients with EAC in
a surveillance program was 74% (CI = 60-87%) versus just 17% in the general
population [17]. Just 4% of patients undergoing surveillance died from EAC with
the majority of mortalities being from cardiovascular disease or other malignancies.
Furthermore, patients who developed EAC while participating in a surveillance pro-
gram were noted to have a lower tumor stage at diagnosis (stage I versus IV;
HR =0.19; 95% CI = 0.16-0.23) [18]. While there is an ongoing debate about the
optimal patient population and frequency of surveillance, it continues to be an
important aspect of the early identification and treatment of EAC.

The identification of BE and early diagnosis of EAC have shown to improve
overall mortality; however, the cost-effectiveness of surveillance is unproven [17,
18]. As many as 43.7% of patients with BE do not have previous reflux symptoms,
therefore screening based upon GERD symptoms alone may not be reliable [19].
Instead, screening is recommended in patients with chronic (>5 years) and frequent
(weekly or more) symptoms of GERD with two or more risk factors for BE [4].
Screening of females is generally not recommended and must be individualized to
those who have multiple risk factors. Screening in the general population is not
recommended.

For appropriate individuals, high-definition/high-resolution white light esopha-
gogastroduodenoscopy (EGD) is considered the gold standard for the identification
of BE and EAC. Endoscopic evaluation should include four quadrant biopsies at
every 2 cm intervals in patients without dysplasia and every 1 cm in those with prior
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evidence of dysplasia. If initial endoscopy is negative for BE, further evaluation is
not recommended. However, if esophagitis is identified on initial endoscopy, treat-
ment with PPI should be initiated with repeat endoscopy in 8—12 weeks. In those
patients where BE is identified without dysplasia, standard surveillance should be
performed every 3-5 years.

If dysplasia is identified on initial endoscopy, acid suppression should be opti-
mized using a PPI for 3-6 months. Repeat endoscopy should be performed at
3 months and should not be delayed for >6 months. If low-grade dysplasia is identi-
fied on repeat exam, endoscopic intervention is preferred; however, surveillance
with endoscopy every 12 months is acceptable. If high-grade dysplasia or intramu-
cosal carcinoma without evidence of submucosal invasion is identified, endoscopic
treatment is recommended. All pathology should be reviewed by at least two pathol-
ogists and one should have specialization in gastrointestinal pathology.

Endoscopy should be performed methodically and described according to the
Prague C & M criteria. Endoscopic reports should include the circumferential (C)
extent of metaplasia as well as the maximal (M) extent of metaplasia above the GEJ
[20]. For example, a C4M7 lesion would describe 4 cm of circumferential metapla-
sia with the longest tongue of metaplasia reaching 7 cm. Furthermore, endoscopic
inspection time should be longer than 1 minute per centimeter for improved identi-
fication of suspicious lesions, HGD, and EAC [21].

Unsedated transnasal endoscopy (uUTNE) is a safe and well-tolerated alternative
to white light endoscopy (WLE), which has shown efficacy in the evaluation of
Barrett’s esophagus. uTNE has been shown to be better tolerated by patients as the
camera is small (less than 6 mm) and may be preferred to traditional white light
EGD by patients. Transnasal endoscopy (TNE) does not touch the root of the
tongue, thus reducing the gag reflux and decreasing need for sedation [22]. uTNE
has been noted to have a 100% sensitivity and specificity for the endoscopic identi-
fication of BE as confirmed by standard endoscopy. However, histologic diagnosis
demonstrated a sensitivity of 66.7% and specificity of 100% for BE likely second-
ary to the small biopsy forceps that are used for TNE [23]. The American College
of Gastroenterology has recommended uTNE as an acceptable alternative to con-
ventional endoscopy for the screening of BE [4].

Several other modalities exist for endoscopic and histologic evaluations of
BE. Capsule endoscopy is a method by which a tethered wireless capsule endoscope
is passed into the esophagus. Images are obtained during transit for the evaluation
of BE. Capsule endoscopy is well tolerated by patients; however, it is inadequately
specific or sensitive to be recommended for screening [4, 23, 24].

The Cytosponge is a gelatin-coated, self-expanding sponge that is passed into the
stomach and then retrieved for the collection of cytologic samples of the distal
esophagus. Samples are then stained for the protein Trefoil Factor 3 (TTF3), which
is able to distinguish BE cells from the rest of the alimentary tract. Cytosponge
showed a sensitivity of 73% and a specificity of 94% when combined with immu-
nohistochemical staining [25]. The Cytosponge may provide an inexpensive and
convenient screening modality for BE with randomized controlled trials starting for
the validation for this new technology [26].
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Chromoendoscopy with methylene blue and indigo carmine have not shown an
increased diagnostic yield in comparison to WLE alone [22]. Acetic acid chromoen-
doscopy has demonstrated increased diagnostic yield and improved detection of
neoplasia in comparison to standard endoscopy and biopsies. Acetic acid will color
nondysplastic Barrett’s tissue white; while dysplastic BE tissue will have rapid loss
of acetowhitening [22, 27, 28]. Image enhancement techniques, however, have yet
to be routinely recommended for the screening of BE.

Conclusion

With the rise of GERD, the increasing incidence of esophageal adenocarcinoma,
and the advancement in diagnostic and therapeutic endoscopies, the diagnosis, sur-
veillance, and management of Barrett’s esophagus continue to be an important topic
for surgeons and gastroenterologists. The benefit of diagnosing dysplasia and EAC
at an early stage is clear; however, finding the right population to survey and moni-
tor remains a topic of debate. Serial endoscopy and biopsy carry their own risk and
still have been shown to miss developing cancers. Moving forward, newer technolo-
gies may offer a less invasive and more sensitive test to detect dysplasia, which
could marginalize some of the current risks of frequent endoscopy.
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Ablative Therapies in Barrett’s 1 8
Esophagus

Audrey C. Pendleton and W. Scott Melvin

Introduction

Barrett’s esophagus (BE) is a condition in which the stratified squamous epithelium
that normally lines the distal esophagus lumen is replaced by metaplastic columnar
epithelium that has both gastric and intestinal features. It is usually caused by per-
sistent damage to the esophageal mucosa due to long-standing gastroesophageal
reflux disease (GERD) and predisposes patients to esophageal adenocarcinoma
(EAC), a cancer with a significantly increasing incidence over the past 40 years.
While there are several risk factors for EAC, including smoking and obesity, GERD
is the most significant one. Patients with BE have an estimated 30—125-fold greater
chance of developing EAC compared to the general population [1]. The prevalence
of BE has been estimated at 1-2% in all patients undergoing endoscopy for any
indication and anywhere from 5% to 15% in patients receiving endoscopy for
GERD symptoms [2]. While the incidence of EAC is higher in patients with BE,
only a small fraction of patients with BE develop cancer with an annual risk of
0.1-0.5% [3, 4].

Epidemiology of Barrett’s Esophagus

Barrett’s esophagus most commonly affects older adults in developed countries,
with a Caucasian male predominance [5]. The age at diagnosis varies widely but the
majority of patients are diagnosed in the sixth or seventh decade of life [6]. The true
prevalence is challenging to determine because many individuals with BE are
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asymptomatic and are not diagnosed. In fact, one of the first estimates of BE was
through an autopsy study. Cameron and colleagues estimated that the prevalence of
long-segment BE (LSBE) was approximately 0.4% and that only a small fraction of
cases was clinically evident [7]. Studies out of tertiary endoscopy centers have
attempted to quantify the true prevalence of BE. In one study, investigators per-
formed upper endoscopy on 961 patients undergoing routine screening colonosco-
pies and found BE in 65 patients, which translates to an overall prevalence of 6.8%,
with 1.2% having LSBE. In patients with symptomatic heartburn, the prevalence
was higher at 8.3% but most patients with BE on endoscopy were asymptomatic [8].

Risk Factors
Gastroesophageal Reflux Disease

GERD is the major risk factor for the development of BE. Several case-control stud-
ies demonstrate that patients with GERD are six to eight times more likely to have
BE. Additionally, it has been shown that longer duration of symptoms is associated
with an increased risk of developing BE [9-11]. A systematic review found no asso-
ciation between reflux symptoms and short-segment BE (SSBE) but found increased
odds of LSBE in patients with reflux symptoms [12]. Patients with BE have been
found to have significant evidence of abnormal acid exposure, such as longer peri-
ods of acid exposure, lower pH, weaker peristaltic contractions, and lower esopha-
geal sphincter (LES) tone [13, 14]. While some data exist that suggest that the use
of proton pump inhibitors (PPI) may decrease the risk of developing cancer, the
effects that these medications have on the development of BE is unclear [15].

Management

The goal of treatment of BE is to prevent the progression to high-grade dysplasia
(HGD) and ultimately EAC, which carries a dismal prognosis. Management has
traditionally focused on mitigating insult to the esophagus by treating the GERD
symptoms, preventing erosive injury, and performing surveillance endoscopy to
monitor for evidence of dysplasia [16-18]. Studies have demonstrated that non-
dysplastic BE has the potential to progress to HGD and to EAC, with the rate of
progression 0.9% and 0.5%, respectively [19-26].

Endoscopic Ablative Therapies

The treatment of BE has evolved over the last decade. Historically, patients with BE,
specifically those with dysplasia, were treated with an esophagectomy, a procedure
that is associated with significant morbidity and mortality. However, endoscopic ther-
apies have gained acceptance and have replaced esophagectomy as the mainstay of
treatment. Patients with non-dysplastic BE are managed with surveillance endoscopy



18 Ablative Therapies in Barrett’s Esophagus 227

with biopsies to look for dysplasia and adenocarcinoma [27]. Endoscopic procedures
fall into two main categories: endoscopic mucosal resection (EMR), which will be
discussed in the next chapter, and ablation techniques, such as radiofrequency abla-
tion (RFA), argon plasma coagulation (APC), or cryotherapy [28].

Radiofrequency Ablation

RFA involves using radiofrequency energy and applying it directly to the Barrett’s
epithelium. 350-500 kHz is typically used and the high-frequency energy is thought
to limit the damage to the mucosa and does not involve the submucosa or muscula-
ris propria, which decreases the subsequent risk of stricture formation. The energy
is delivered either circumferentially using a balloon-based 360 degree catheter or
focally using an endoscopic-mounted probe [29]. One study, which compared these
two techniques, found that treatment with the focal device resulted in a greater
reduction in length of the BE segment compared to the balloon device [30].

The efficacy of RFA has been studied comprehensively. The seminal study
addressing this topic is the Ablation of Intestinal Metaplasia (AIM) trial. This land-
mark study was the first randomized controlled trial to examine RFA as the treat-
ment for dysplastic BE. In this trial, 127 patients with BE dysplasia, divided evenly
between HGD and LGD, were randomized to receive either RFA or a sham proce-
dure. The results demonstrated that in the LGD and HGD groups, there was eradica-
tion of the neoplasia in 90.5% and 81%, respectively, compared to 22.7% and 19%,
respectively, in the sham arm. Additionally, 77.4% had complete eradication of
intestinal metaplasia (CE-IM) compared to 2.3% in the sham group [31]. Other
studies followed this landmark trial and reinforced the efficacy of RFA. A retrospec-
tive analysis looked at 244 patients with BE-related neoplasia who were treated
with RFA and found that 80% achieved CE-IM and 87% achieved complete eradi-
cation of dysplasia (CE-D). Four patients progressed to cancer despite RFA [32]. A
large meta-analysis reinforced these results. This analysis consisted of 18 studies in
the USA, the UK, and Europe with over 3000 patients and demonstrated CE-IM in
78% of patients and CE-D in 91% of patients treated with RFA [33].

After these initial landmark studies were conducted and showed promising
results, the next step was to demonstrate durability and examine long-term out-
comes. The AIM trial conducted a 3 year follow-up and found that of the patients
available for follow-up, 98% had CE-D and 91% had CE-IM [34]. Orman et al.
reported data from 262 patients with 155 patient-years who had received RFA and
found on follow-up that the recurrence rate was 5.2%/year with a progression rate
of 1.9%/year [33]. In a series of 592 patients over 8 years, Gupta et al. showed that
33% of patients who achieved successful eradication experienced a recurrence after
2 years [35]. In evaluating the UK RFA registry, the recurrence rate of intestinal
metaplasia was 5.1%, 19 months after treatment [36]. This elaborate collection of
data demonstrates that while RFA provides high short-term success rates, there is
still a risk of recurrence and surveillance must continue following treatment.

RFA is not without complications. A large meta-analysis examined 37 studies
with over 9000 patients and demonstrated an adverse event rate of 8.8%, the most
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common being stricture formation at 5.6%, followed by less common issues such as
bleeding at 1% and a very low rate of perforation at 0.6%. Risk factors for complica-
tions include increasing BE length and RFA performed in conjunction with endo-
scopic mucosal resection [37].

Cryotherapy

This technique involves using extremely cold temperature to destroy the aberrant
tissue. The two main cryogens used are liquid nitrogen and carbon dioxide [28].

The efficacy of cryotherapy has been examined in several studies. One multi-
center prospective registry reported that in patients with LGD, rates of CE-D and
CE-IM were 81% and 65%, respectively, and in patients with HGD, CE-D and
CE-IM rates were 81% and 65%, respectively. This study also examined short-
segment BE and demonstrated that in these patients, CE-D was accomplished in
97% and CE-IM in 77% of patients [38]. A retrospective, non-randomized study
looked at patients who received cryotherapy as a salvage treatment following failed
RFA. At 1 year, the response rate was 77% for cancer, 89% for dysplasia, and 94%
for HGD [39].

A single-center retrospective study evaluated the recurrence rates at 3 and
5 years. The recurrence rates per person-year follow-up of intestinal metaplasia,
dysplasia, and HGD were 12.2%, 4%, and 1.4%, respectively. Adenocarcinoma was
very uncommon and most recurrences were successfully managed [40].

Cryotherapy has a reasonable safety profile. Complications are minimal and the
procedure appears to be well tolerated. When the national cryospray registry was
examined, the results showed that none of the patients had a perforation and there
were no mortalities. Only one patient developed a stricture, but it did not require
dilatation [41].

Argon Plasma Coagulation (APC)

APC uses a non-contact thermal energy to ablate tissue. A probe is used to ionize
argon gas and an electric current is conducted through the jet of ionized argon,
which coagulates the tissue. In order to mitigate the risk of stricture, hybrid APC is
used and consists of injecting saline in the submucosa, which protects the deeper
esophageal layers during the procedure [28].

The efficacy of APC has been examined in several studies. The APE trial was
arandomized study that compared APC with surveillance after EMR of neoplas-
tic BE lesions. It included 63 patients and showed a significant decrease in sec-
ondary lesions in the APC-treatment arm, 3% versus 36.7%, respectively
(p =0.005) [42].

Studies that examined the long-term outcomes of APC have showed variable
results. One of the first studies, which was done by Kahaleh et al., had a median
follow-up of 36 months and showed that over 50% of the 39 patients who underwent
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APC had a relapse on either endoscopy or histological analysis [43]. However, in
another small study of 19 patients treated with APC, 70% had complete reversal of
BE at 2 years [44]. These studies are small and more research is needed to evaluate
the long-term outcomes and durability of APC. Additionally, long-term outcomes
for hybrid APC have not been examined to date.

Conclusion

Endoscopic ablative therapies have replaced esophagectomies for dysplastic BE and
have become the standard of care. However, it is an evolving and dynamic field and
more long-term data are needed. While EMR is the most utilized method for visible
nodular dysplastic lesions in BE, ablative therapies have emerged as the standard
treatment for flat BE mucosa. Among these therapies, RFA is the most extensively
studied with its high-efficacy data that has been demonstrated in several large stud-
ies. While cryotherapy has been shown to be promising and has an excellent safety
profile, the data are limited and many patients receive it as a salvage treatment after
failing RFA. APC is also promising but is most safe when used with the hybrid
technology, and long-term data on the efficacy of this combined technique are lack-
ing at this time. Regardless of which ablative technique is used, it is paramount that
surveillance endoscopy continues to be used as follow-up since recurrence remains
a possibility.
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Terence Jackson, David Faugno-Fusci, Aric Wogsland,
and Jeffrey Marks

Background

An injection-based endoscopic submucosal resection (EMR) was first studied in
1955 using in-vitro models in the human sigmoid colon. It was demonstrated that
injecting saline to create a submucosal wheal had a protective effect from the com-
plications of thermal cautery [1]. The first live endoscopic mucosal resection with
submucosal injection using a loop diathermy was described in 1973 by Deyhle
et al., who reported seven resections of sessile polyps from the colon without any
complications [2]. This method was then later pioneered by Soetikno in Japan for
the management of early gastric cancer [3] in 1974. Since that time, endoscopic
submucosal resection utilization has expanded to Barrett’s esophagus (BE), esopha-
geal dysplasia, and early esophageal cancer.

With increasing use of endoscopy for surveillance, we now frequently identify
esophageal lesions that are amenable to endoscopic treatment. The progression of
BE to esophageal cancer is directly related to the degree of dysplasia. The incidence
of esophageal cancer in patients with BE without dysplasia is 0.12-0.5% [4, 5].
EMR offers a minimally invasive technique to ameliorate this risk by directed
removal of benign and early malignant superficial lesions. It can be used not only as
a curative tool, but also for diagnosis by providing adequate tissue for accurate
staging.

In combination with ablative technologies like radiofrequency ablation (RFA)
and cryotherapy, EMR has significantly decreased the incidence of metachronous
and recurrent lesions in BE with high-risk pathologic features. This is also evi-
denced by several national guidelines that recommend EMR combined with
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ablation of all remaining BE if high-grade dysplasia (HGD) and intramucosal carci-
noma (imCa) are found [5, 6]. In combination with a multidisciplinary approach in
dedicated BE units [7], the efficacy and safety of endoscopic therapy in the manage-
ment of HGD and early esophageal cancer have been reported as comparable to
performing esophagectomies [8—10]. This has led to endoscopic therapy becoming
standard of care for management of dysplastic BE and early esophageal adenocar-
cinoma [11, 12].

Indications

In the evaluation of esophageal lesions, EMR is used for diagnostic and therapeutic
purposes. Therapeutically, it is indicated in all nodular, focal, short-segment, and
circumferential lesions of BE; short-segment dysplastic BE; and early superficial
esophageal adenocarcinoma (T1a) without any signs of lymph node or distant
metastasis. The Japanese Society of Gastroenterology published the following cri-
teria for lesions suitable for EMR [13].

1. Lesions less than or equal to 2 cm in diameter.
2. Lesions involving less than one-third of the circumference of esophagus.
3. Intramucosal carcinoma of the esophagus (ImCa).

By providing adequate tissue, EMR allows for definitive staging and is a final
diagnostic tool in endoscopic evaluation of HGD and esophageal adenocarcinoma
in BE. Low-risk lesions (T1a/T1sml) are considered appropriate for endoscopic
therapy [14]. EMR can also be curative when an RO resection is achieved, providing
95% remission at 5 years [15]. However, assessment of the depth of the lesion is key
prior to consideration of EMR. Depth can be assessed using an endoscopic ultra-
sound or by looking for the “non-lifting” sign on injection.

If the evaluation of depth shows a T1b lesion, an endoscopic resection would
not be indicated given the high (30%) risk of lymph node metastasis. However, a
T1a lesion would have less than 5% risk [14, 16]. EMR can also assess for high-
risk features such as depth of invasion of tumor to the submucosa or deeper, tumor
diameter of >3 cm, lymphovascular invasion, and poorly differentiated pathology
[17]. In the presence of these findings, an esophagectomy would be recommended.
Thus, it is imperative that a clear differentiation between Tla and T1b lesions is
made. Endoscopic resections safely allow us to make this differentiation.

Pre-procedural Preparation

An informed consent must be obtained from the patient. Indications for the proce-
dure, anticipated benefits, and risks (bleeding, perforation, and strictures) must be
discussed well ahead of time as well. This procedure is performed in a monitored
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setting under moderate sedation or general anesthesia. The latter is used for patients
with higher cardiopulmonary risk, those who are difficult to sedate, and when a
prolonged procedure is expected.

In addition to an endoscope (Fig. 19.1) equipped with high-definition white-light
examination with electronic chromoendoscopy (e.g., narrow-band imaging), addi-
tional equipment like injection needles (Fig. 19.2), distal attachment (Fig. 19.3),
coagulation forceps, thermal electrocautery snares (Fig. 19.4), and endoclips for
closure of mucosotomy and hemostasis must be available.

Fig. 19.1 Endoscope

Fig. 19.2 Olympus
single-use injector
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Fig. 19.3 Olympus
disposable distal
attachment

Fig. 19.4 Olympus
disposable
electrosurgical snare

Techniques

A thorough examination of the lesion planned for resection must first be completed.
Visualization adjuncts like chromoendoscopy, near focus visualization, and image
magnification is used to delineate the edges of the lesion. Cautery devices are used
to mark the 2-5 mm clean outer margin. After the margins of resection are identi-
fied, a number of different methods can be used for resection. EMR is typically very
successful for lesions smaller than 10 mm, allowing the highest chance for a suc-
cessful en bloc resection. EMR has been described in lesions as large as 20 mm in
animal models [18]; however, piecemeal resections do not allow for confirmation of
negative margins. A broad classification of the various described techniques is pro-
vided in Table 19.1.
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Table 19.1 Classification of endoscopic mucosal resection (EMR) techniques

Ligation-assisted EMR: “Suck and cut”

Injection-assisted EMR: “Lift and cut”

Single-band EMR

Traditional lift and cut

Multiband mucosectomy

Cap-assisted EMR

Complete eradication EMR

Strip biopsy

Ligation-Assisted EMR

1. Single-band EMR: These were the initial versions of the endoscopic banding

devices and have now been phased out by the multiband devices. This involved
the use of a variceal ligator without any submucosal injections. Once the lesion
to be resected is identified, it is sucked into the banding device and a band is
applied at its base, thus creating a pseudopolyp. The endoscope then has to be
withdrawn to remove the banding apparatus. It is then reintroduced with a tradi-
tional snare. This pseudopolyp is then resected using an electrocautery snare and
the specimen is retrieved.

2. Multiband mucosectomy: This method uses a modified version of the banding

device (Duette Multi-band Mucosectomy Device: Wilson-Cook, Winston-Salem,
NC) that contains six bands and a dedicated hexagonal 7 French snare that passes
through the endoscope working channel. This device fits endoscopes of varying
outer diameters ranging from 9.5 to 14 mm. This device is able to fire multiple
bands and perform resections during the same session without needing to remove
the endoscope out of the patient. This method has been shown to be significantly
faster compared to cap-assisted resections, with a median procedure duration of
37 minutes vs 50 minutes and medical time per resection of 6 minutes vs 12 min-
utes [19]. The resection specimens were also significantly larger in the multiband
mucosectomy group. It has also been shown that even though no submucosal
injections are used, this procedure can be performed with a very low risk of per-
foration [20].

The true advantage of multiband mucosectomy lies in the fact that it does not
require the endoscope to be removed from the patient between resections and
thus is a faster, more convenient process with few complications. It also does not
require a cap or injections. However, in the setting of larger lesions where a
piecemeal resection is required, an incomplete resection is always a possibility.
Ablative therapies may need to avoid incomplete resections and minimize recur-
rent or positive margins.

. Complete eradication EMR/circumferential EMR: This technique uses a larger
30 x 50 mm Erlangen-type polypectomy snare and resections are performed
using pure cutting electrocautery. This is performed circumferentially with a few
millimeters of overlap between resection sites if neoplastic changes were noted
at the previous margins. The maximum size of resection at one session was
30—40 mm in length and encompassed three-fourths of the circumference. This
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process is repeated every 3—4 weeks to ensure eradication of BE [21]. This has
also been described without the use of a cap or overtube [22]. This technique has
been used with success but is associated with an increased risk of stenosis [23—
25]. Using this technique, complete eradication of 95% at 32 months was
achieved [26].

Injection-Assisted EMR

1. Traditional lift and cut: This technique uses an injecting solution into the submu-
cosal space to create a layer of separation between the mucosal lesion and the
submucosa, minimizing the risk of cautery damage to the deeper layers. By cre-
ating a cushion, it also facilitates mucosectomy. A snare polypectomy is then
performed around the elevated cushion.

There are many options for injecting solutions available. An ideal injecting
solution must have the following characteristics.
(i) Neutral to surrounding tissue. It must not react or biochemically change
the surrounding tissue.
(i) Must not get absorbed too quickly. It must remain in the submucosal
cushion long enough for the procedure to be completed.
(iii) Must help with hemostasis and prevent deeper tissue injury.

Many different solutions have been studied and used at various insti-
tutions [27]. Normal saline is the most commonly used injection, but it
dissipates very quickly. Other options include: 50% dextrose, sodium
hyaluronate, 4% succinylated gelatin, hydroxypropyl methyl cellulose,
and fibrinogen solution. Dilute epinephrine is another agent that can be
added to the solution to decrease blood flow to the area, subsequently
decreasing dissipation and bleeding.

2. Cap-assisted EMR: A clear cap is fitted at the tip of the endoscope, which is then
advanced to the lesion. This method also uses a submucosal injection to raise the
target lesion. A dedicated hexagonal snare is then passed through the endoscope
and seated in a notch in the cap. The lesion is then suctioned into the cap and
resected using electrocautery [28]. Oblique caps are commonly used to compen-
sate for the parallel positioning of the endoscope in relation to esophageal lesions.

Using this method, resections of lesions up to 23 mm have been safely per-
formed. Bleeding was encountered in 24% of cases, which were all endoscopi-
cally controlled. Two perforations were encountered and managed nonoperatively
[29]. Cap-assisted EMR works better when there is scar tissue present around the
lesion. This can be challenging, especially with adjustment of the snare in the
cap. Multiple resections also require multiple injections and thus can be time
consuming. This has been compared to band resections with no significant dif-
ference in outcomes [30].

3. Strip biopsy: This is a technique that uses a double-channel endoscope and a
submucosal injection. Following resection, a forcep is passed through the second
channel to grasp the specimen [31].
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Advantages of EMR

The benefits of EMR lie in its simplicity. It provides a minimally invasive approach
to a complex disease that otherwise has only much more morbid treatment options.
EMR also offers a great option for obtaining pathologic samples for accurate stag-
ing. EMR is much less time consuming and less morbid compared to endoscopic
submucosal dissection (ESD) [32].

Limitations of EMR

When compared to ESD, EMR has a higher recurrence rate and a lower percentage
of en bloc resections, specifically when larger lesions are involved and piecemeal
resections are needed. A major limitation for this procedure is the presence of mul-
tifocal neoplasia and the associated risk of developing synchronous and metachro-
nous lesions.

Post-procedural Considerations

EMR is usually performed under moderate sedation or general anesthesia as an
outpatient procedure. Sometimes admission for monitoring may be necessary for
complications or if a larger area is resected. Proton pump inhibitors must be main-
tained at high doses throughout the peri-procedural period. Some authors advise
restricting patients to clear liquid diet for the first day after resection and then
advancing diet as tolerated. Anticoagulant needs in the peri-procedural period must
be carefully balanced on a patient-to-patient basis.

Complications

Bleeding has been reported as the most common complication with up to 7-8%
incidence [33]. A majority of bleeds are endoscopically managed using hemostatic
clips, injection, and coagulation.

Perforations occur in endoscopic resections in 1-5% of cases [34-37]. The risk
of a perforation is higher when a piecemeal resection is performed [3]. When com-
pared to ESD, EMR has a lower incidence of perforations (1.34% vs 4%) [38]. Most
small perforations are managed nonoperatively or endoscopically with excellent
outcomes. Pneumomediastinum is commonly seen.

Strictures may also occur after endoscopic resections with an overall incidence of
1-4.6% (39, 40]. However, in cases of circumferential EMR, the incidence can be as
high as 26-37% [21, 41, 42]. The risks of strictures are higher when longer segments
or circumferential resections are performed [43], and are usually managed success-
fully with endoscopic dilation. Both the cap-assisted technique and the ligation-
assisted methods appear to have no difference in incidences of complications [30].
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Oncologic Efficacy

EMR provides excellent oncologic benefit in patients with BE with dysplasia and
early esophageal cancer. It has been found to be safe and efficacious when com-
pared to surgery, but with significantly lower morbidity [15, 39, 44-48]. In patients
with low-risk features, EMR provides 95% eradication of neoplasia and 98%
5-year survival. In those with high-risk features, complete eradication is achieved
in about 80% of cases [15, 34, 38, 45, 46, 49, 50]. There is an associated risk of
metachronous and recurrent lesions in about 6-30% of patients. The factors associ-
ated with recurrence are larger lesions, longer BE segments, piecemeal resections,
presence of multifocal lesions, and positive neoplastic margins. Most recurrences
can be safely managed endoscopically [34]. Using ablative therapy like radiofre-
quency ablation in combination with EMR has shown similar eradication rates. It
may be useful in cases with high-risk features or piecemeal resection. Ablation
does reduce the risk of bleeding, perforation, and stricture formation when com-
pared to standard EMR [51].

Conclusion

In summary, endoscopic mucosal resection is a minimally invasive tool for accurate
staging and eradication of Barrett’s esophagitis with dysplasia and early esophageal
cancer. The low morbidity and excellent oncologic benefit make it a valuable tool in
the management of esophageal dysplasia and early adenocarcinoma.
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Introduction

According to the annual report of the American Association of Poison Control, in
the United States there were 195,715 cases (7.54%) of human exposure to cleaning
substances (household) in 2016, which constitutes the second most common sub-
stance category that is involved in human poisoning. Twenty-nine of these cases
resulted in death, whereas seventeen were suicide attempts. There is a bimodal dis-
tribution of the age of occurrence with the first peak presented in the pediatric
(<5-year-old) age group and the second peak in the adolescent and young adult
(>21-year-old) age group. More specifically, the vast majority of pediatric cases
presenting with exposures to cleaning substances in the household was reported to
reach 115,701 [1]. Children are more likely to ingest caustic substances acciden-
tally, whereas adolescent/young adults frequently attempt intentional suicide that
can result in more extensive injury [2].

Caustic substances can be alkaline or acidic in nature. Alkaline material is the
most frequently ingested caustic substance in Western countries, since it can be
found in a variety of household bleaches, toilet bowl cleaners, detergents, and dish-
washing agents. On the other hand, acid-containing material that has been impli-
cated in caustic ingestion can be found in anti-rust compounds, swimming pool
cleaners, and toilet bowl cleaners.

Solutions with pH less than 2 or greater than 12 are very corrosive and can create
severe damage in the upper gastrointestinal tract. Acidic and alkaline substances
induce tissue damage using different pathophysiologic mechanisms. Alkaline agents
are usually colorless and tasteless and for that reason the amount ingested tends to
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Table 20.1 Endoscopic grading of corrosive esophageal injury (Zargar system)

Grade 0 Normal findings on endoscopy

Grade 1 Edema, hyperemia of mucosa

Grade 2a | Friability, blisters, hemorrhages, erosions, whitish membranes, exudates, and
superficial ulcerations

Grade 2b | Grade 2a plus deep discrete or circumferential ulcerations

Grade 3a | Small scattered areas of multiple ulcerations and areas of necrosis
(brown-black or grayish discoloration)
Grade 3b | Extensive necrosis

be increased. They produce liquefaction necrosis by reacting with proteins and fat-
inducing transformation to proteinases and soaps. This can lead to deeper tissue
penetration and greater possibility of transmural injury [2]. Acidic agents usually
have a distinct odor and an unpleasant taste, so consumption of large amounts is
usually limited. They induce coagulation necrosis with eschar formation; hence
there is usually decreased transmural spreading, which results in decreased inci-
dence of full-thickness injury. In general, tissue injury progresses rapidly within
minutes after ingestion and it is characterized by thrombosis of small vessels. The
tissue insult continues for several days and eventually mucosal sloughing occurs
4-7 days after the caustic ingestion. This is followed by bacterial invasion, inflam-
matory response, and development of granulation tissue. Collagen deposition usu-
ally begins 3 weeks after the ingestion and prior to that time the tensile strength of
the healing tissue is the lowest. For that reason, avoidance of endoscopy between
the 5th and the 15th day after caustic ingestion is advocated [3]. After that period,
scar retraction occurs and continues for several months, which can eventually result
in stricture formation, shortening of the involved segment of the esophagus, and
alteration of the lower esophageal pressure. This eventually can lead to severe gas-
troesophageal reflux that further aggravates the existing mucosal injury and acceler-
ates stricture formation [4].

A grading system has been developed based on the endoscopic findings after
ingestion of corrosive materials (Table 20.1). A direct correlation between the
degree of injury and the stricture formation has been noted. Almost 30% of patients
with grade 2 burns may develop stenosis whereas more than 80% of patients with
grade 3 injuries will develop strictures [5].

Clinical Presentation

Factors that can influence the degree of injury include the amount and concentration
of the caustic agent, the length of time of tissue contact, as well as the pH and physi-
cal form of the agent. Crystals and solid materials can adhere to the oropharyngeal
mucosa causing severe injury to these areas but result in limited injury to the esoph-
agus. On the other hand, liquid caustic agents can be swallowed quicker and pro-
duce severe injury in the esophagus and stomach. The symptomatology upon
presentation depends on the location of the damage.
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Hoarseness and stridor are usually the presenting symptoms indicating a laryn-
geal or epiglottic involvement, whereas dysphagia and odynophagia is suggestive of
esophageal injury. Due to the decreased collagen deposition in the first 2 weeks
after the insult, perforation of the esophagus can occur at any time during this time-
frame. For that reason, an acute deterioration of an initial stable condition with sud-
den onset of abdominal or chest pain should warrant immediate and thorough
evaluation to rule out the possibility of a perforated viscus which can result in
death [4].

Late sequelae of caustic ingestion include stricture formation, gastric outlet
obstruction, and malignant transformation. Patients with esophageal stricture for-
mation may become symptomatic within 3 months or even up to a year after the
insult. Ingestion of liquid lye is usually associated with higher incidence and length
of strictures compared to solid crystals. Symptoms usually include dysphagia and
substernal pressure. Esophageal carcinoma is a well-known consequence of caustic
ingestion, especially after alkaline agent consumption since the liquefactive necro-
sis causes deeper penetration of the injury.

Diagnosis

Ingestion of caustic substances is not usually associated with any major laboratory
abnormalities unless they are associated with esophageal or gastric perforation.
Different imaging modalities can be utilized in order to identify the extent of the
diseased segment.

In the acute phase after injection, a plain chest radiograph may reveal air in the
mediastinum or below the diaphragm suggesting esophageal or gastric perforation
respectively. If there is a suspicion of perforation, then an upper gastrointestinal
series study using water-soluble agent, like Gastrografin, should be utilized as it is
less of an irritant to the mediastinum and peritoneal cavity compared to barium
sulfate. Barium studies can be helpful as a follow-up measure for the evaluation of
complications such as strictures, since it could reveal the extent of the strictured
segment. Computer tomography (CT) scan has been widely accepted as the nonin-
vasive imaging modality that can assess the extent of the esophageal injury, espe-
cially at an early stage. It can reveal the depth of necrosis and frequently the presence
of transmural damage allowing clinicians to assess the degree of the injury. Other
imaging studies such as endoscopic ultrasound and magnetic resonance imaging
(MRI) appeared to provide less advantage in the assessment of caustic injury.

Besides the above-mentioned noninvasive diagnostic techniques, esophagogas-
troduodenoscopy (EGD) remains the most important diagnostic tool in the evalua-
tion of early caustic injury especially during the first 48 hours of ingestion. As
previously mentioned, endoscopy is generally not recommended 5-15 days after
caustic ingestion due to tissue friability during the healing phase. Prior to initiating
an endoscopic approach, the oropharynx needs to be examined. A third-degree burn
of the hypopharynx is a contraindication for endoscopy, as well as hemodynamic
instability, severe respiratory compromise, and suspected perforations [2]. There are
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no strict guidelines as to who needs endoscopic evaluation. However, it is strongly
recommended in symptomatic patients who suffered intentional ingestion of large
quantities of corrosives, taking into consideration that it should be avoided within
the period 5-15 days following the ingestion [3]. Endoscopy is considered the ulti-
mate tool to guide the management of the caustic ingestions since it can provide a
grading system based on the mucosal appearance. The most commonly utilized
classification system was created by Zargar et al. [5] (Table 20.1). Based on that
system, grades 0, I, and IIA esophageal burns usually recover from their injuries
without any adverse events, whereas the majority of grades IIb and III burns eventu-
ally develop major complications including strictures.

Initial Management of Corrosive Ingestion

The mainstay for management of caustic injuries includes airway and hemody-
namic stabilization along with resuscitation. Intubation should be immediately con-
sidered since there is direct exposure of the upper respiratory tract to the caustic
agent. Occasionally, intubation under fiberoptic laryngoscopy needs to be per-
formed to avoid further trauma to the area, and also tracheostomy should be consid-
ered if there is significant edema in the epiglottis and larynx.

Neutralizing Agents

Consumption of neutralizing agents (weakly acidic or basic substances) had been
considered one of the most important first steps in the management of caustic sub-
stances ingestion [6]. However, this practice has been aborted since administration
of neutralizing agents can generate chemical reaction that can lead to increased
thermal injury and overall tissue damage. Moreover, substances such as milk or
charcoal can coat the esophageal mucosa and potentially obscure subsequent
endoscopy.

Nasogastric Tube and Gastric Acid Suppression

Routine early insertion of nasogastric tube has been considered a necessary step in
order to achieve evacuation of any remaining caustic material prior to endoscopic
evaluation of the esophageal mucosa. However, this has been abandoned due to the
possibility of inducing vomiting and further exposing the esophagus to caustic
material. Also, the nasogastric tube can contribute to the development of long stric-
tures or act as a nidus for infection, which may result in delayed mucosal healing [2].

Gastric acid suppression with liberal use of intravenous protein pump inhibitors
should be utilized in order to allow faster mucosal healing and prevent stress ulcers
[7]. Moreover, sucralfate is currently commonly used in the setting of caustic inges-
tion since it is said to promote mucosal healing by preventing exposure of the
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esophageal mucosa to the corrosive substance. Several small randomized controlled
studies have also showed that sucralfate may result in decreased frequency of stric-
ture formation following caustic material ingestion [2, 8].

Antibiotics

There are no concrete data regarding the use of antibiotics after caustic substance
ingestion. Current practice advocates that patients treated with steroids should be
concomitantly treated with antibiotics, but there are no controlled trials that have
investigated this. Howell et al. performed a meta-analysis in 361 subjects from a
total of 13 studies and concluded that there is a statistically significant difference
between the strictures that occurred in patients not receiving corticosteroids and
antibiotics compared to the ones who did (40% vs 19%). Although it is unclear if the
observed difference could be attributed to the use of corticosteroids or antibiotics,
the consensus appears to be that patients with caustic ingestion who are treated with
corticosteroids should also be treated with antibiotics [9].

Triamcinolone and Mitomycin-C

Intralesional corticosteroid injection has been proposed as an adjunct to the man-
agement of strictures induced by caustic substance consumption. Kochhar et al.
have recommended that intralesional injection of triamcinolone can result in
decrease in the number of endoscopic dilations performed and subsequently lead to
statistically significant improvement in the dysphagia score compared to patients
who did not receive steroid injections [10, 11]. Mitomycin-C is another substance
that has been utilized in the algorithm of esophageal stricture management follow-
ing caustic injury. It has been proposed that topical application of mitomycin-C can
result in improvement of long-segment esophageal strictures given its antifibroblas-
tic activity. El-Asmar et al. evaluated the effect of topical mitomycin-C application
after endoscopic esophageal dilatation in children in order to treat long-segment
(>3 cm in length) esophageal strictures. The study revealed clinical, radiological,
and endoscopic resolution of strictures in 85.7% of the study population without
any short- or mid-term recurrences or complications [12].

Systemic Steroids

Studies regarding the use of steroids in the prevention of strictures after caustic
ingestion in humans have been inconclusive. Most of them have been performed in
pediatric population and they revealed conflicting results. Usta et al. concluded that
administration of high doses of methylprednisolone (1 g/1.73 m?*day for a total of
3 days) can lead to reduction in stricture formation in children who have suffered
grade IIb esophageal burn [13]. Also, Bautista et al. showed that children who
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underwent administration of dexamethasone (1 mg/kg/day) resulted in stricture pre-
vention and significantly decreased number of dilatations compared to children who
received prednisolone (2 mg/kg/day) [14].

However, a prospective study conducted in 60 children over a period of
18 years concluded that there appeared to be no benefit from the use of steroids
to treat children who have ingested a caustic substance [15]. Similar finding was
noted in a systematic pooled analysis of a total of 328 patients who suffered
grade II esophageal burns following caustic ingestion. This study revealed no
additional benefit with the use of steroids in patients with caustic-induced grade
II esophageal burns [16]. The use of corticosteroids remains a debatable issue;
however, most practitioners agree that corticosteroids are not necessary in first-
degree burns, but there might be an indication to use them in third-degree esoph-
ageal burns [3].

Endoscopy

Besides its use in the evaluation and diagnosis of caustic injury, EGD plays an
important role in the subsequent management. In general, patients with Zargar
grade I or ITA require in-hospital observation and gradual advancement in diet over
a period of 24-48 hours. Patients with grade IIB or more severe esophageal burns
will require close monitoring and possible endoscopically guided nasoenteric feed-
ing tube placement to facilitate feeding distally to the area of necrosis [2].

One of the most common late complications following caustic substance inges-
tion is esophageal stricture. Katz et al. report that up to 70% of grade IIB and more
than 90% of patients with grade III injuries will eventually develop esophageal
strictures [17]. Management of esophageal strictures can be achieved endoscopi-
cally or surgically. Endoscopic measures that can be employed include mainly dila-
tation (with bougies or balloon dilators) and stent placement (self-expanding metal,
plastic, or biodegradable stents), whereas surgical options include partial or total
esophagectomy with gastric pullup or colonic interposition.

Endoscopic management has been described in a previous chapter. We are going
to focus on the most commonly performed esophagectomy techniques.

Surgical Management of Esophageal Stricture

Esophageal stricture is a delayed sequela of caustic injury, and may require
surgical management if it is of a long segment or refractory to dilation.
Iatrogenic perforation during dilation is also an indication for acute surgical
management. Given the nature of the extensive cellular injury and potential
for malignant transformation caused by caustic ingestion, esophagectomy is
the gold surgical standard. This is usually accompanied by a gastric conduit,
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although colon or jejunal interposition may also be used if the stomach is not
a viable option for esophageal replacement. There are three common surgical
approaches to esophagectomy: thoraco-abdominal Ivor Lewis, three-field
McKeown, and transhiatal. Each has its own advantages, and consideration
should be taken for the location of the caustic injury as well as surgeon com-
fort with the procedure.

Ivor Lewis Esophagectomy

This approach, first proposed in 1946 by Ivor Lewis [18] as a two-stage procedure,
requires comfort operating in both the chest and the abdomen, and has the benefit of
avoiding a cervical incision. Originally the abdominal portion was performed, fol-
lowed by thoracotomy 10-15 days later. Currently performed in one setting, it is
useful for mid and distal esophageal strictures, and utilizes an intrathoracic anasto-
mosis. It may be performed open or minimally invasively using laparoscopy, thora-
coscopy, or robotic techniques. The abdominal portion of the operation is performed
first, with complete mobilization of the gastric conduit and distal esophagus.
Feeding jejunostomy and surgical or chemical pyloroplasty are also performed in
the abdomen at this time. The distal margin of specimen is divided, and proximal
conduit is sutured to distal specimen. These are then placed through the hiatus, and
the patient is repositioned into left lateral decubitus for the thoracic stage of the
operation. In the right hemi-thorax, the remainder of the esophagus is mobilized,
specimen is removed, and the gastric conduit is brought to length in the thorax and
anastomosed to proximal intrathoracic esophagus, most commonly in an end-to-end
fashion with an end-to-end anastomotic (EEA) stapler [19].

Procedure Steps: Minimally Invasive
Abdominal Portion

Step 1a. Laparoscopic port placement: A 10 or 12 mm port is placed under direct
visualization approximately at two-thirds distance from xiphoid to umbilicus,
slightly to the right of midline. This will be used as the operator’s right-hand port.
Four more ports are then placed under laparoscopic visualization. The first is a
5 mm right subcostal port for the operator’s left hand, followed by another 5 mm left
subcostal for the assistant’s right hand. A 5 or 10 mm right lateral port is placed for
the liver retractor, and a fourth 5 mm port is placed left of midline, just caudal to the
original 10 mm port for the camera. (This port could be a 10 mm port if a 10 mm
laparoscope is preferred.) The exact port placements may need to be modified based
on patient’s body habitus. The patient is then placed in steep reverse Trendelenburg
position (Fig. 20.1).
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Fig. 20.1 Laparoscopic
port placement

Step 1b. Robotic port placement: A 12 mm port is placed under direct visual-
ization 18 cm below the xiphoid process. Two 8 mm ports should be placed to
the patient’s left at the same level, spaced approximately 9 cm between each
port, and one 8 mm port spaced 9 cm to the right of the 12 mm camera port. A
5 mm port is placed for the liver retractor in the same manner as the laparo-
scopic procedure. A 12 mm assistant port is placed in the right lower quadrant
to create a 9 cm equilateral triangle with the camera and robotic left arm work-
ing ports [20].

If the surgeon is not comfortable with laparoscopic surgery, then an upper mid-
line laparotomy may be used for the abdominal portion of the operation.

Step 2. Liver retraction: A liver retractor is placed through right lateral port, and
the left lobe of the liver is retracted cephalad.

Step 3. Gastric mobilization: The gastrohepatic ligament is divided and the right
crus of the diaphragm is identified. The hiatus is then dissected out anteriorly from
right to left until the left crus is identified. The greater curvature of the stomach is
then mobilized by ligation of the short gastric vessels with an ultrasonic dissector or
bipolar energy device. Afterward, any remaining gastrocolic ligamentous attach-
ments and posterior gastric attachments are divided as the stomach is retracted ante-
riorly. Care should be taken to preserve the right gastroepiploic artery and its arcades
during this dissection, as it will be the primary blood supply of the gastric conduit.
The left gastric artery is then identified and stapled, which should be the final step
in completely freeing the stomach.

Step 4. Pyloroplasty: After mobilizing any attachments of the pylorus, a Heineke-
Mikulicz pyloroplasty [21] is then performed, with longitudinal myotomy, trans-
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verse interrupted closure, and omental buttress. Endoscopic Botox injection is a
nonsurgical alternative to pyloroplasty, and has shown efficacy in small trials with-
out additional complications [22].

Step 5. Creation of gastric conduit: With the fundus retracted cephalad, and the
antrum retracted caudally, the stomach is divided with sequential staple loads along
the lesser curvature to create a conduit approximately 5 cm in diameter (Fig. 20.2).
The right gastric artery should be preserved if possible, but may be transected if
necessary.

Step 6. Jejunostomy tube creation: A jejunostomy tube is then placed in Witzel
fashion [23].

Step 7. Conduit completion: The specimen portion of the stomach is attached to
the proximal gastric conduit with a stitch. The phrenoesophageal ligament is then
divided, and the specimen and proximal conduit are then passed through the hiatus
into the chest. In the absence of a pre-existing hiatal hernia, the hiatus may need to
be surgically enlarged. If possible, an omental flap is also created and passed into
the chest. Based on conduit size, a posterior crural closure stitch may be placed to
prevent future herniation.

Fig.20.2 Gastric conduit
creation. The right
gastroepiploic artery (short
black arrows), possible
omental flap (long black
arrows), gastrohepatic
ligament (long white
arrow), site of
pyloromyotomy
(arrowhead), and the short
gastric arteries (short white
arrow) are illustrated.
(Adapted with permission
from Kim et al. [29])
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Thoracic Portion

Step 8a. Repositioning and thoracic port placement: The patient is placed in left
lateral decubitus position for the thoracic portion of the operation. Four thoraco-
scopic incisions are used for this phase. First, a 10 mm incision is made in the
seventh intercostal space, mid-axillary line, for the camera. A second 10 mm is
made in the eighth intercostal space, posterior axillary line, for the operator’s right
hand, followed by another 10 mm incision in the fourth intercostal space, anterior
axillary line, to be used for anterior lung retraction. Lastly, a 5 mm incision is made
posterior to the tip of the scapula for the operator’s left hand. A traction stitch is
placed through the central tendon of the diaphragm and brought through the chest
wall using a laparoscopic suture passer through a small incision.

Step 8b. Robotic thoracic port placement: Patient is placed in left lateral decubitus
position as with video-assisted thoracoscopic surgery (VATS). A trocar site for the
right robotic arm is marked just below the hair line at the anterior axillary line. An
8 mm camera port is placed 9 cm inferior and slightly posterior to this marked future
port site. The camera is then inserted to evaluate the pleural space for any adhesions.
An 8 mm working port is then placed at the previously marked site (working right
arm). A third 8 mm port is placed 9 cm inferior to the camera port and slightly pos-
terior (working left arm 1). A 5 mm port is placed 10 cm posterior from the third
port (working left arm 2), and a 12 mm assistant port is placed anteriorly to create a
9 cm equilateral triangle with the camera port and the third port [20].

If the surgeon is not comfortable with minimally invasive approaches, a right
thoracotomy may be used.

Step 9. Esophageal mobilization: The inferior pulmonary ligament is divided
using an ultrasonic dissector or bipolar energy device. The mediastinal pleura over-
lying the esophagus is divided up to the azygos vein, which is then divided using an
endoscopic stapler containing a vascular staple load. The esophagus is then mobi-
lized circumferentially. A Penrose drain may be placed around the esophagus to
assist in maintaining tension for the dissection. The vagus nerves are divided bilat-
erally at the level of the azygos vein. The esophagus may then be divided above the
level of injury/stricture. The eighth intercostal incision is enlarged at this time to
allow for removal of specimen. The remainder of the conduit is brought into the
chest, taking care to maintain proper orientation.

Step 10. Intrathoracic anastomosis: A 28 mm EEA anvil is placed into the proximal
esophagus, secured by a two-layer purse-string stitch. A gastrotomy is made in the
fundus, through which the EEA stapler is passed, and an end-to-end esophagogastric
anastomosis is created. A nasogastric tube is placed under direct visualization. The
gastrotomy is then closed using a laparoscopic linear gastrointestinal anastomotic
(GIA) stapler, maintaining as much remaining conduit as possible, and an endoscopic
leak test is performed using insufflation while the anastomosis is submerged in sterile
saline. If available, an omental flap is placed over the anastomosis with suture, and a
drain is placed posterior to the anastomosis. Finally, the conduit is anchored to right crus.
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McKeown Esophagectomy

First described by Kenneth McKeown [24], the three-field esophagectomy utilizes
abdominal, thoracic, and cervical techniques. It is useful for proximal esophageal
strictures and its primary advantage over transhiatal esophagectomy is direct visu-
alization of the intrathoracic mobilization of the esophagus. As with the Ivor Lewis
approach, it requires comfort with minimally invasive or open thoracic surgery. For
this approach, thoracic mobilization of the esophagus is performed first. Abdominal
mobilization of the distal esophagus and conduit is performed next, followed by
anastomosis through a left cervical incision [25].

Procedure Steps

Step 1. The thoracic portion of the surgery is performed first using the same tech-
nique as the Ivor Lewis esophagectomy, with the exception that the esophagus will
be dissected into the thoracic inlet with care taken to spare the recurrent laryngeal
nerves and thoracic duct. The esophagus is not divided in the chest, just dissected.

Step 2. The abdominal portion is performed in the same manner as the Ivor Lewis
esophagectomy, again with the phrenoesophageal ligament division being the
final step.

Step 3. A 4-6 cm transverse cervical incision is made slightly to left of midline for
an anterolateral approach to the esophagus. The cervical esophagus is dissected
down to the thoracic inlet, where it should meet the thoracic dissection plane. Care
must be taken to avoid the recurrent laryngeal nerve as it lies in the tracheoesopha-
geal groove. Strap muscles may be divided to provide adequate exposure if needed.

Step 4. The specimen is removed through the cervical incision, and the esophagus
is divided approximately 1-2 cm below the cricopharyngeus muscle. A 25 mm EEA
stapler is used to perform the esophagogastric anastomosis in a similar manner to
the Ivor Lewis procedure. A slightly smaller anvil is generally used in the cervical
esophagus than in the mid-thoracic esophagus.

Step 5. The abdomen is re-evaluated to assess for twisting of the conduit. The con-
duit is then tacked to the right crus of diaphragm to prevent herniation.

Transhiatal Esophagectomy

The transhiatal approach originates back to 1933 [26], but was returned to popular-
ity in 1978 by Mark Orringer [27]. It is performed through cervical and abdominal
incisions only, and must be performed with incisions large enough to place the
surgeon’s hands through for blind manual dissection of the intrathoracic esopha-
gus. In a similar manner, the esophageal hiatus may be widened for manual
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esophageal dissection, followed by sutured hiatal closure if necessary. The primary
advantage is avoidance of thoracotomy. The technique may not be feasible if there
is significant scarring around the esophagus that has distorted or obliterated tissue
planes. In cases of especially difficult dissection, en masse ligation of tissue at the
hiatus may be required to prevent thoracic duct leak and subsequent chylothorax.
In the same manner as the McKeown esophagectomy, specimen removal and anas-
tomosis are performed through the left cervical incision [28].

Procedure Steps

Step 1. Upper midline incision is used to enter the abdomen. The intra-abdominal
portion of the surgery is performed similarly to other esophagectomy techniques but
is completed through a laparotomy incision rather than laparoscopically.

Step 2. The distal 10 cm of the esophagus is dissected through the abdomen, and
this cavity is then packed to assist with hemostasis.

Step 3. A cervical incision is made in the same fashion as a McKeown esopha-
gectomy. The esophagus is circumferentially bluntly dissected using finger frac-
tion. A Penrose drain is then placed around the esophagus for cephalad traction.

Step 4. A hand is then placed, palm facing forward through the diaphragmatic
hiatus along the posterior esophagus with the back of the hand along the spine
(Fig. 20.3). If the diaphragmatic hiatus is not large enough to accommodate the
surgeon’s hands, it must be widened at this step.

Step 5. The esophagus is bluntly dissected from the cervical incision toward the
hand placed at the previously dissected lower thorax.

Step 6. This maneuver is repeated to clear the anterior and lateral surfaces of the
esophagus.

Step 7. The cervical esophagus is divided with a GIA stapler, and the specimen is
withdrawn cephalad and removed through the cervical incision. The mediastinum is
then packed from each direction.

Step 8. The gastric conduit is then laid across the anterior chest to evaluate for
proper length. It is then manually advanced through the hiatus and brought
through the cervical incision (Fig. 20.4). The anastomosis may be performed
using an EEA or GIA stapler (as described by Orringer [28]). The diaphrag-
matic hiatus may be closed with crural stitches at this time if hiatal widening
was required.
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Fig. 20.3 Manual
transhiatal esophageal
mobilization. (Adapted
with permission from Kim
et al. [29])

Conclusion

Caustic ingestion is a common occurrence in the United States, especially in the
pediatric and adolescent population. Early management of caustic ingestion is pri-
marily medical in the absence of esophageal perforation. Unfortunately, one of the
frequent long-term sequelae is esophageal stricture. This pathology may be treated
first by medical and endoscopic management, but for persistent or refractory stric-
tures esophagectomy is indicated. There are multiple techniques used for esopha-
gectomy, with the primary indications for each being the location of the stricture
and the surgeon’s comfort with the technical steps and experience in minimally
invasive or robotic surgery.
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Fig. 20.4 Evaluation of
gastric conduit length. The
cervical dissection site
(outlined arrow),
pyloromyotomy site
(arrowhead), and the
gastric division line (short

black arrow) are illustrated.

(Adapted with permission
from Kim et al. [29])
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Introduction

The past 10 years have seen a paradigm shift in the management of esophageal
perforations. Whereas perforations were previously managed either conservatively
or aggressively with surgical intervention depending on various criteria, endoscopic
therapy and wide drainage have now become the mainstays of treatment. This has
resulted in considerable improvement in patient morbidity and mortality. Yet,
despite this shift in therapeutic approach, esophageal perforation remains a highly
morbid and mortal diagnosis. The following chapter discusses the etiologies of
esophageal perforations, presentation, workup, therapy, and outcomes.

Etiology

The incidence of esophageal perforation is largely unknown. The literature varies
widely and is mostly estimated based on single-center studies or isolated popula-
tions due to the relative rarity of this condition. In Canada, for instance, the inci-
dence is approximately 3.1 per 1,000,000 per year [1]. This number is on the rise
yearly in proportion with the increased number of upper endoscopies [2].
Iatrogenic injury is the leading cause of esophageal perforation globally and
most commonly occurs during endoscopy, which accounts for 60% of all perfora-
tions [3]. On the whole, upper endoscopy carries a 0.033% risk of perforation, with
therapeutic endoscopy more frequently resulting in perforation than diagnostic [4].
Other iatrogenic causes such as intraoperative injuries during foregut surgery or
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unrelated surgeries in the abdomen, chest, neck, and spine have been described, as
well as from other instrumentation such as nasogastric tube placement.

Ingested foreign bodies such as fish or poultry bones account for 80% of cervical
esophageal perforations [5].

Penetrating trauma is another well-described cause of esophageal perforation
that is most frequently caused by either stabbing (15-20%) or gunshot (70-80%) [6].

Boerhaave syndrome, the most common cause of spontaneous perforation, is the
second leading cause of esophageal rupture, representing between 8% and 56% of
perforations [3]. Other etiologies of spontaneous perforations have been described
related to various medical diagnoses and treatments including achalasia, infection,
inflammatory and autoimmune diseases, radiation, and medications. Malignancy
accounts for approximately 1% of perforations [5].

Finally, caustic ingestion is a leading cause of perforation among the pediatric
population where this injury is almost always accidental [7]. Conversely, in the
adult population, caustic ingestion is relatively rare and is more often seen as the
result of an intentional ingestion during attempted suicide [8]. Household cleaning
products are the most common culprit, accounting for 80% of cases, with alkali
solutions more likely to cause perforation than acidic solutions [9].

Location

In terms of both therapeutic approach and outcomes, the location of an esophageal
perforation is paramount. The esophagus is stratified into three regions based on its
relation to anatomical compartments: the cervical esophagus, the thoracic esopha-
gus, and the abdominal esophagus. Perforations of the thoracic esophagus account
for 72.6% overall, followed by cervical at 15.2% and finally abdominal at 12.5% [10].

Perforations due to instrumentation are most likely to be thoracic (45%), whereas
spontaneous and operative perforations are more commonly abdominal (60% and
75%, respectively), and trauma and foreign body perforations are predominantly
cervical (80% and 85%, respectively) [5].

Signs and Symptoms

Presenting signs and symptoms are dependent on the location of esophageal perfo-
ration as well as time elapsed. Often patients with esophageal perforations will relay
an inciting event. Patients with cervical perforations will present with neck pain,
aerodigestive symptoms, or subcutaneous emphysema [10].

By and large, patients with thoracic esophageal perforations will present with
chest pain that is pleuritic in nature and radiates to the back or shoulder [10]. Patients
with Boerhaave syndrome, in particular, may present with Mackler’s triad: emesis
followed by chest pain and then subcutaneous emphysema, though this is seen only
14% of the time [11].
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Finally, patients with abdominal esophageal perforations will present with
abdominal pain, typically epigastric, or frank peritonitis [12]. Due to the rapidly
progressive natural course of this disease, late presentation (>24 h) is often nonspe-
cific with progressive findings of pneumonia, sepsis, multiorgan dysfunction, and
shock [13, 14].

Diagnosis

A high index of suspicion is critical for the diagnosis of esophageal perforation.
Careful history and physical exam will commonly reveal instigating events such as
recent endoscopy, emesis, bone ingestion, choking, or trauma, or physical findings
such as subcutaneous emphysema or peritonitis [15]. Laboratory exams may show
a leukocytosis with left shift consistent with infectious process. Chest X-ray may
reveal pneumomediastinum, pneumonia, or pneumothorax. In thoracic perforations,
standard lung X-ray is abnormal in 90% of patients, though this is often nonspe-
cific [3].

More specifically, there are three imaging modalities commonly used to defini-
tively diagnose esophageal perforations. Computed tomography (CT) is the initial
diagnostic test of choice as it is quick and easily obtainable in any institution. CT
may reveal stigmata of perforation such as extraluminal air adjacent to the esopha-
gus in the neck, thorax or abdomen, pneumomediastinum or pneumothorax, or
pleural or mediastinal fluid. Sensitivity can be increased up to 92-100% with the
addition of oral contrast [16]. This should always be water soluble in the setting of
suspected perforation as barium can cause irreversible mediastinitis/fibrosis.
Additionally, CT aids in ruling out other confounding diagnoses.

Fluoroscopy, or oral contrast esophagogram, similarly may reveal extravasation
of oral contrast; however, it is more difficult to obtain in smaller centers. While
some studies advocate fluoroscopy over CT, others show that oral contrast-enhanced
CT is far superior, with fluoroscopy demonstrating only 50% sensitivity for cervical
perforations and 75-80% for thoracic perforations [5, 17].

Finally, endoscopy is an excellent modality as it allows for both diagnosis and
therapy. Endoscopy allows for direct visualization of the defect, and enables char-
acterization and planning to address both the acute problem and any underlying
issue [18].

Treatment and Outcomes

Early diagnosis and treatment of esophageal perforations are essential in reducing
morbidity and mortality. Overall mortality for esophageal perforations is approxi-
mately 11.9%; however, for patients who necessitate operative intervention, the
mortality is 20% [3, 19]. Diagnosis and treatment within 24 h, however, reduce
mortality by up to 50% [20, 21].
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Cervical perforations carry an overall mortality of 5.9%, thoracic perforations
10.9%, and intraabdominal perforations 13.2%. By cause, mortality after esopha-
geal perforation secondary to foreign body was 2.1%, iatrogenic perforation 13.2%,
and spontaneous perforation 14.8% [19].

First and foremost, supportive care, nil per os status, and broad-spectrum antibi-
otics should be initiated on presentation. Antibiotics should cover upper gastrointes-
tinal (GI) flora including gram-positive bacteria, gram-negative bacteria, and yeast,
and should be narrowed based on cultures [13]. Intervention should be performed as
early as reasonably possible to shorten the length of ongoing contamination and
should be focused on source control with closure or coverage of the defect where
possible as well as drainage of the affected cavity when indicated [20, 21].
Perforations recognized at the time of endoscopy or surgery should be treated
immediately. Intuitively, patients with small defects that are diagnosed and treated
expeditiously have the best outcomes [22].

At the time of intervention, consideration for enteral feeding access should be
given, as many patients will remain nil per os for extended periods of time [22].

Management of malignant perforations requires special consideration and is not
discussed in this chapter.

Endoscopy Versus Surgery

There is no better opportunity to diagnose and treat simultaneously than with upper
endoscopy. Surgery is far more invasive, necessitating neck dissection, thoracot-
omy, laparoscopy, or possibly laparotomy. Therefore, with appropriate patient
selection, endoscopy should be considered the initial intervention of choice [18].
The number of patients with esophageal perforations that are managed nonopera-
tively has dramatically risen in the past 10 years, such that surgical intervention now
is used in less than half of all cases, and this number continues to decline annually
[10]. Should operative intervention be required either acutely or due to failure of
nonoperative or endoscopic management, the general principles of esophageal
repair apply. Regardless of location, these include: exposure, debridement of nonvi-
able tissue, closure of defect in two layers, the use of buttress, and tube drainage [6].
Surgical approaches and technique will be discussed in the next chapter.

Endoscopic Techniques

Endoscopic management of esophageal perforations is an evolving field and tech-
niques vary from center to center based on the availability and comfort of special-
ists. These injuries should only be handled in high-volume specialty centers with
access to endoscopic experts as well as a thoracic or foregut surgeon who is familiar
with the management and operative repair of esophageal perforations. In centers
that lack these resources, patients should be stabilized and transferred expeditiously.
Endoscopy, though an excellent standalone therapy when an esophageal perforation
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is immediately recognized, often must be combined with drainage procedures in the
setting of gross contamination in order to achieve appropriate source control.
Predictors of successful endoscopic therapy are smaller defect and shorter time to
diagnosis and therapy [23, 24].

Clips

Endoscopic clip placement is an excellent means of managing small perforations
with minimal surrounding inflammation. There are two types of clips that are used.
Small clips are deployable via the working port of the endoscope, whereas the bear-
trap-like over-the-scope clip (OTSC®) system (Ovesco Endoscopy AG, Tubingen,
Germany) offers larger clips with fewer limitations. The latter clips are useful for
lesions up to 30 mm and exert greater force on the closure [25]. When compared to
through-the-scope clips, OTSCs are associated with lower rates of surgical interven-
tion [26]. There are few unique complications of endoscopic clip use other than
malfunction and failure.

Overall, clips are successful in closing 56—-100% of perforations for which they
are attempted, without the need for any surgical intervention or repeat endoscopy
[18]. Furthermore, when clips are used as first line therapy, there is a higher rate of
success than when applied after another therapy has failed [27]. Limitations include
the size of the perforation, and the quality of the surrounding tissue. Along these
lines, risk of failure is greater with chronic perforations and fistulae [28]. The aver-
age size lesion that results in successful closure with endoscopic clips is 8 mm, with
a significantly increased rate of failure for defects greater than 13 mm [29, 30].

Stents

Endoscopic stents have become the mainstay of therapy for esophageal perforations
that are too large or long standing to be amenable to endoscopic clipping. Stents are
indicated in almost any type of esophageal injury but have varying rates of success
depending on the size and location of injury. Overall, technical success rate is ~91%
and clinical success rate ~81% with endoscopic stenting. The rate of stent migration
is significantly higher with plastic stents than metal stents, 27% versus 11%, respec-
tively, whereas metal stents are more prone to causing postprocedural strictures.
Due to the differences in stent migration, patients with plastic stents need far more
reintervention [31]. Bare metal stents are prone to mucosal ingrowth, and therefore
are excellent for permanent placement such as for patients with malignancy. Covered
stents are retrievable, and because of this, self-expanding covered metal stents
should be used preferentially.

There are four factors that are most predictive of stent failure: injury to the proxi-
mal cervical esophagus, injury that traverses the gastroesophageal junction, length
of injury greater than 6 cm, and anastomotic leak associated with more distal con-
duit leak [32].
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Despite initial technical success, some patients will still require surgery upon
stent removal due to persistent leak. Several studies have shown various out-
comes with self-expanding metal stents with ranges from 77% to 100% success.
Stent failure either mandates repeat stenting for long-term course or operation
[33, 34].

Not surprisingly, stent migration is the most common complication, 8.8-40%,
with other complications including tissue overgrowth, erosions/ulcerations, bleed-
ing, aspiration, perforation, fistula, and reflux being relatively rare [35, 36]. When
compared to open repair, stent placement is associated with a 4% morbidity as
opposed to 43%. Length of stay, time to oral intake, and cost are also significantly
decreased [32].

Endoluminal Vacuum Therapy

In light of the improved outcomes with nonoperative treatment of esophageal perfo-
rations, new techniques are on the horizon that could potentially obviate the need
for surgery even in patients who would otherwise not meet the criteria for endo-
scopic management. One such therapy is endoluminal vacuum therapy, which uti-
lizes a vacuum sponge that is endoscopically placed into the perforation cavity. The
Endo-SPONGE? is not yet FDA approved for esophageal perforations, and studies
are still underway regarding its efficacy. Currently, it is approved only for the treat-
ment of rectal anastomotic leaks.
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Introduction

Esophageal perforation is a rare but potentially highly morbid event. The hall-
mark of management of esophageal perforation remains expeditious diagnosis
and management. Delay in identification and treatment usually results in high
rates of morbidity and mortality due to mediastinitis. Management of esophageal
perforations should be individualized by anatomic location, timing of diagnosis,
size of defect, and degree of sepsis. Although management of esophageal leaks
from cervical or thoracic anastomoses is a well-known complication following
esophagectomy, this chapter will focus on perforations rather than anastomotic
leaks. While recent advances in endoscopic techniques such as clips, stents, and
vacuum-assisted sponges have broadened the options for management, surgical
repair remains an essential procedural option for the treatment of benign esopha-
geal perforation.

Etiology

The esophagus has three anatomic areas of narrowing: the cricopharyngeus muscle
(approximately 14—16 cm from the incisors), the bronchoaortic narrowing (approxi-
mately 22-24 cm from the incisors), and the gastroesophageal junction
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(approximately 4045 cm from the incisors). While perforations can occur any-
where along the esophagus, most iatrogenic injuries are related to these three ana-
tomic areas of narrowing. Classically, for esophagogastroduodenoscopy (EGD),
perforations are associated with Killian’s triangle that is the posterior space bor-
dered by the cricopharyngeus muscle inferiorly and the inferior constrictor muscle
superiorly. Especially as this area represents the upper esophageal sphincter, exces-
sive force passing the endoscope through this area during intubation of the esopha-
gus can lead to perforation.

Iatrogenic causes include those occurring during routine upper endoscopy as
well as those during therapeutic interventions. Upper endoscopy perforations
occur from 1 in 2500 to 1 in 11,000 cases [1, 2]. Additional factors that increase
the risk of perforation include the presence of Zenker’s diverticulum, esophageal
strictures, and malignancies. Perforation during therapeutic interventions is typi-
cally associated with dilations of benign strictures. Dilation of complex stric-
tures with Maloney dilators have been associated with perforation rates of 2—10%
[3]. With the increasing use of endoscopic mucosal resection for Barrett’s esoph-
agus as well as endoscopic submucosal dissection (ESD) for benign lesions,
there has been an increase in the frequency of esophageal perforations, with
esophageal perforations occurring approximately in 2% of ESD cases even at
expert, high-volume centers [4]. Prior surgical procedures in the vicinity of the
esophagus such as cervical spine surgery, resection of pulmonary and mediasti-
nal masses, antireflux surgery, esophagogastric myotomy for achalasia all have
associated risks of esophageal perforation.

The classic noniatrogenic cause of benign esophageal perforation is Boerhaave
syndrome. Boerhaave syndrome can be considered a form of barotrauma to the
esophagus. Less common noniatrogenic causes include ingestion of foreign bodies
and both blunt and penetrating trauma.

Diagnosis

High clinical suspicion is needed in the management of esophageal perforation.
Patients typically present with symptoms of pain related to the anatomic location of
the perforation in the neck, chest, or upper abdomen. Fever and tachycardia are
early signs of perforation. While cervical perforations rarely progress to sepsis,
intrathoracic and intraabdominal esophageal perforations, if uncontained, can rap-
idly progress to sepsis when diagnosis and treatment is delayed for more than 24 h.
Classically, radiographic diagnosis entails the use of a water-soluble upper gastro-
intestinal series. If no perforation is seen, a follow-up upper gastrointestinal series
with dilute barium is recommended (Fig. 22.1, panel a). In the modern era, IV and
oral contrast-enhanced esophageal protocol-computed tomography (CT) scans have
emerged as either an adjunct or even primary diagnostic modality (Fig. 22.1, panel
b). Prompt EGD can also be beneficial, but in the setting of surgical management,
this can be performed intraoperatively to aid localization and treatment of the
perforation.
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Fig.22.1 Radiographic
findings of thoracic
esophageal perforation. A
62-year-old gentleman
with a history of alcohol
abuse presented to our
institution with acute
esophageal perforation
consistent with Boerhaave
syndrome. (a) Barium
swallow revealed linear
pooling of contrast
posteriorly (arrow). (b) CT
scan demonstrated
significant left pleural
effusion, mediastinal fluid,
and extraluminal air in the
mediastinum (arrow). This
patient was managed with
surgical drainage and
esophageal stenting

Principles of Surgical Management

The mainstay of the surgical management of esophageal perforation is prompt diag-
nosis, stabilization of the patient and administration of I'V antibiotics, and decision
to proceed with surgical or nonsurgical management. In historical series, delay in
diagnosis greater than 24 h was associated with an increase in overall mortality from
14% to 27% (Table 22.1) [5]. Initial management includes making the patient nil
per os (NPO); broad-spectrum antibiotics such as piperacillin/tazobactam (3.375 g
every 6 h); antifungal coverage (fluconazole 400 mg daily); and transfer to intensive
care unit if the patient manifests any hemodynamic instability or early sepsis.
Primary repair of the perforation is preferred in most situations. Getting to the
OR promptly is essential because the tissue around the perforation rapidly becomes
friable and tissue planes become distorted due to inflammation. The greater the
interval between perforation and repair, the less the chance of finding useable tissue
to reapproximate successfully. Principles of primary repair include debridement of
devitalized tissues; longitudinal incision of the esophageal muscle fibers to fully
expose the extent of mucosal injury; a two-layer closure with interrupted absorbable
sutures of the mucosa and interrupted nonabsorbable sutures of the muscle layers;
and buttressing with pedicled flaps (typically intercostal muscle). Exceptions
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Table 22.1 Prognostic Prognostic variable Mortality (%)
variabl'es associgted with Etiology (n = 431)
mortality following
. Spontaneous 36
esophageal perforation -
latrogenic 19
Traumatic 7
Anatomic location (n = 397)
Cervical 6
Thoracic 27
Abdominal 21
Time to diagnosis (n = 396)
<24 h 14
>24 h 27

Adapted with permission [5]. Copyright 2004

include a cervical perforation that can be managed with drainage alone or a perfora-
tion too large to be reapproximated. With large esophageal perforations in the set-
ting of a significantly contaminated mediastinum, drainage and diversion via a
cervical esophagostomy and draining gastrostomy tube may be needed to get sepsis
under control. Definitive repair of the esophagus and restoration of continuity can
be undertaken if the patients survive this phase of their illness. These are generally
very morbid procedures and efforts to reverse the esophagostomy and re-establish
esophageal continuity are associated with a postoperative complication rate of as
high as 68% [6].

Perforations of the Cervical Esophagus

Given the accessibility of the cervical esophagus, perforations in this segment are
often best managed with surgical drainage in the retroesophageal space. An incision
in the left neck along the anterior border of the sternocleidomastoid (SCM) muscle
is made unless EGD or radiographic studies localize the perforation to the right
neck. Dissection proceeds to expose the cervical esophagus by retraction of the
SCM and carotid sheath laterally; division of the middle thyroid vein and omohyoid
muscle; and retraction of the esophagus medially and anteriorly. If a perforation is
clearly visualized then it can be primarily repaired, but extensive dissection to iden-
tify the mucosal tear is not warranted in the cervical esophagus given the propensity
for these injuries to heal with adequate drainage, supplemental nutrition, and antibi-
otic coverage. Drainage can be accomplished with either a Penrose drain in the
retroesophageal space or suction Jackson—Pratt drains. Soft tissues can be closed
over the drain, but in settings of gross contamination the wound can be left open and
packed with wet-to-dry dressing with eventual conversion to negative pressure
wound therapy (vacuum-assisted closure).
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Perforations of the Thoracic Esophagus

Identification of the location of the perforation in the thoracic esophagus is critical
for surgical planning. Conservative management can be considered in two situa-
tions: (1) contained perforation without signs of sepsis or (2) intramural perforation
between the mucosa and muscularis [7]. For most perforations in the thoracic
esophagus, the consensus is clear that early operative intervention leads to optimal
clinical outcomes. A right thoracotomy via the sixth or seventh intercostal space is
preferred for mid-esophageal perforations and a left thoracotomy via the eighth
intercostal space is preferred for distal esophageal perforations. However, this
should be modified based on the laterality of the perforation as well as the proximity
to the thoracic inlet or diaphragm. Care should be made to preserve the intercostal
muscle during the thoracotomy to preserve options for a muscle flap.

Once the perforation is identified, the defect is extended longitudinally in both
the longitudinal and circular muscular layer to ensure full visualization of the muco-
sal defect (Fig. 22.2). Devitalized tissues are debrided back. The mucosa is then
closed with interrupted absorbable sutures such as 4-0 Vicryl. A second layer of
closure is accomplished by closing the muscularis with interrupted nonabsorbable
suture such as 3-0 silk. Once the defect has been closed, bringing in healthy

Intercostal
muscle
pedicle

Fig. 22.2 Technique of buttressed primary repair of thoracic esophageal perforation. (a) The
extent of mucosal injury is often greater than the extent of the muscle injury. (b) The muscle tear
is extended to fully expose the mucosal injury, and both are debrided back to healthy tissue. (¢) The
mucosa is closed with 4-0 absorbable sutures. (d) The muscle is closed with permanent suture in a
second layer. (e) An intercostal muscle flap with its vascular supply is sutured around the circum-
ference of the repair site to buttress the primary repair. (Reproduced with permission [7]. Copyright
2015, McGraw-Hill Education)
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well-vascularized tissue to buttress the repair is very important. Most commonly,
this is accomplished with an intercostal muscle flap. The intercostal muscle flap is
then secured over this defect with additional interrupted nonabsorbable sutures.
While pleura may also be used, it may be too thin or friable to serve as an effective
flap and generally is not as well vascularized as intercostal muscle. Alternate but-
tressing tissues include omentum, pericardial fat, or gastric wall in a distal perfora-
tion (i.e., Thal patch).

In the setting of late perforation presenting >24 h, an alternate strategy employs
the use of a T-tube inserted into the perforation in conjunction with surgical drain-
age and decortication [8, 9]. Either a 16F biliary T-tube or a percutaneous endo-
scopic gastrostomy tube can be used [9]. The T-tube is brought through the chest
wall and wrapped with intercostal muscle, creating a controlled fistula. The T-tube
can then be slowly backed out in an ambulatory setting 4—6 weeks after the perfora-
tion. However, with the advent of endoscopic stents the T-tube approach of late
presenting thoracic esophageal perforations has largely fallen out of favor.

Perforations of the Abdominal Esophagus

Intraabdominal esophageal perforation can be approached laparoscopically if there
is sufficient minimally invasive foregut experience. The pars flaccida is opened in
the gastrohepatic ligament. The short gastric vessels are also taken down along the
gastric fundus. The gastroesophageal junction is then fully exposed by taking down
the phrenoesophageal ligament. Mediastinal dissection is then performed to mobi-
lize an intraabdominal segment of esophagus. Similar to thoracic perforation, devi-
talized esophageal muscle is debrided. A longitudinal myotomy is also performed to
fully expose the perforated mucosa. Repair is carried out with 4-0 Vicryl for the
mucosa and 3-0 silk for the muscle. The repair can then be buttressed with either an
anterior Dor fundoplication or a posterior partial fundoplication depending on the
location of the perforation. Blake or Jackson—Pratt drains are then placed. In patients
with achalasia, it is essential that the lower esophageal sphincter is made completely
incompetent, usually by performing a myotomy on the contralateral side of the
esophagus. If there is any resistance to esophageal emptying, the repair of the per-
foration is likely to fail to heal.

Postoperative Care

Patients are kept NPO for 5-7 days. A fluoroscopic upper gastrointestinal series is
then performed to evaluate for ongoing leak or obstruction. Antibiotics are typically
continued for 1 week. For thoracic and abdominal esophageal perforation, a naso-
gastric tube can be placed intraoperatively. Depending on the extent of the perfora-
tion, degree of contamination, and patient’s preoperative nutritional status, we
selectively place a jejunostomy tube for enteral feeding. In settings of early repair
of a small perforation, a jejunostomy is typically not necessary. After demonstration
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of resolution of the perforation on UGI series, we start a clear liquid diet for 1 day,
with transition to full liquid diet for the first week, followed by a soft diet. Regular
diet is resumed 3 weeks after surgery.

Alternatives to Surgical Repair

Even with early diagnosis and treatment, open surgical repair of esophageal perfo-
rations is still associated with significant morbidity and mortality. Although this
chapter focuses on surgical repair of esophageal perforations, recent developments
in endoscopic approaches have radically changed the management paradigm for
esophageal perforations. In appropriate settings, stenting is the primary treatment
modality. In retrospective series, esophageal stenting has been associated with suc-
cessful exclusion of the leak in up to 89% of patients [10, 11]. However, stenting
often requires repeat procedures for stent changes. In the absence of a stricture,
maintaining stent position can be challenging. Hence, even when stents are success-
fully placed, there can be a need for concurrent debridement or decortication of the
lung via thoracotomy, which can obviate the benefits of the stenting only approach
[12]. Risks for stent failure include cervical esophageal perforations; perforations at
the gastroesophageal junction; and perforation greater than 6 cm [13]. Overall,
stenting for esophageal perforation may lead to lower costs and shorter lengths of
stay (5-day shorter length of stay and earlier oral alimentation) for suitable
patients [14].

With the popularization of per oral endoscopic myotomy (POEM) for achalasia
and complex ESD, endoscopic clipping has emerged as an alternate endoscopic
approach to close mural defects. Endoscopic clipping is best suited for iatrogenic
injuries diagnosed in real time with minimal extraluminal contamination. More
recently, endoscopic vacuum sponge therapy has been utilized to treat both early
and late esophageal perforations. Endoscopic vacuum sponge therapy remains
investigational and is generally associated with lower rates of closure than with
stenting or surgical approaches [15, 16]. Its advantages are that it allows good con-
trol of mediastinal sepsis and can aid in gradual closure of an abscess cavity.

Summary

Esophageal perforations represent a highly morbid condition. While endoscopic
interventions have recently emerged as an important management strategy, surgical
treatment remains the core treatment option for patients presenting with benign
esophageal perforations. The main surgical principles include correct identification
of the anatomic location of the perforation; debridement of devitalized tissues; clo-
sure in two layers where appropriate; buttressing with pedicled tissue flaps; and
wide surgical drainage. The most important key to obtaining optimal outcomes for
the treatment of esophageal perforation is prompt recognition and intervention to
prevent unfavorable tissue conditions and the development of mediastinitis.
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